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BASELINE  TESTS  OF  THE  EVA  ELECTRIC  PASSENGER  VEHICLE 
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l.  SUMMARY 

The  KVA  Metro  Sedan,  an  electric  vehicle  manufactured  by  Electric  Vehicle 
Associates.  Valley  View,  Ohio,  was  tested  under  the  direction  of  the  U.S.  Army 
Mobility  Euiuipment  Research  and  Development  Command  (MKRADCOM)  Fort 
Belvoir.  Virginia,  at  the  Aberdeen  Proving  Oround,  Aberdeen,  Maryland,  between 
April  21  and  September  2,  1977,  The  tests  are  part  of  a Department  of  Energy  (DOE) 
project  to  assess  the  state-of-the-art  of  electric  vehicles.  This  report  presents  the  per- 
fonnance  test  results  on  the  EVA  Metro  vehicle. 

The  EVA  Metro  is  a converted,  four-passenger  Renault  12  Sedan.  It  is  powered 
by  sixteen,  6-volt  traction  batteries  through  an  SCR  Cablefonn  controller  actuated  by 
a foot  throttle  to  change  the  voltage  applied  to  the  10-kW  motor.  The  braking  sys- 
tem is  a power-assist,  hydraulic  braking  system  with  front-whei  disk  and  rear  drum. 
Regenerative  braking  is  not  provided. 

The  results  of  the  tests  are  shown  in  Table  1,  and  a list  of  parameters,  symbols, 
units,  and  unit  abbreviations  is  shown  in  Table  2. 

Table  I.  Range  Test  of  EVA  Metro 
Road 

Range  Tesi  Range  Power  Road  Energy  Energy  Economy 


(kiii/h)  (ini/li)  (km)  (mi)  (kW)  (MJ/km)  (kWli/nii)  (MJ/km)  (kWli/iiii) 


40 

25 

60.7 

.57.7 

.5.51 

0..518 

0.142 

1.07 

0.48 

.S5 

.t4..t 

4.t.8 

27.2 

6.66 

0.416 

0.186 

1.18 

0.5.5 

77 

48 

.t6.7 

22.8 

12.8 

0.602 

0.266 

1.48 

0.66 

• B"  Cycle 

.t2.6 

20..5 

1.0.5 

0.46 

•C"  Cycle 

.t4.2 

21.2 

1.00 

0.44 

Acceleralion 

0 to  .t2  km/ll  (20  nii/li)  in  10.7  seconds. 
0 to  48  km/ll  (.to  ini/lt)  in  20  seconds. 


Ciradeability  Unlit 


Charger  Efficiency 
68% 
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e 2.  Parameters.  Symbols,  Units,  and  Unit  Abbreviations 
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II.  INTRODUCTION 

The  vehicle  tested  and  the  data  presented  in  this  report  are  in  support  of  Public 
Law  94-413  enacted  by  C'ongress  on  September  17,  1976.  The  law  requires  the 
Department  of  Lnergy  (DOH)  to  develop  data  characteri/.ing  the  state-of-the-art  with 
respect  to  electric  and  hybrid  vehicles.  The  data  so  developed  are  to  serve  as  a baseline 
to  ( 1)  compare  improvements  in  electric-  and  hybrid-vehicle  technologies,  (2)  assist  in 
establishing  perfonnance  standards  for  electric  and  hybrid  vehicles,  and  (3)  help  guide 
future  research  and  development  activities. 

The  U.S.  Army  Mobility  Lquipment  Research  and  Development  Command 
(MKRADC'OM)  under  thc'direction  of  the  l-lectric  and  Hybrid  Research,  Development, 
and  Demonstration  Office,  Division  of  Transportation  Energy  C'onservation,  DOE,  has 
conducted  track  tests  of  electric  vehicles  to  measure  their  perfonnance  characteristics. 
The  tests  were  conducted  using  a DOE  test  procedure  “ERDA-EHV-TEP” 
(Appendix  A).  This  procedure  is  a modification  of  the  SAE  “Electric  Vehicle  Test 
Procedure  SAE  J227a,”  revised  February  1976.  Seventeen  vehicles  have  been  tested 
under  this  phase  of  the  program  - twelve  by  NASA-Lewis  Research  C'enter,  four  by 
MERADCOM,  and  one  by  the  Canadian  Clovernment.  U.S.  Customary  units  were  used 
in  the  collection  and  reduction  of  data.  The  units  were  converted  to  the  International 
System  of  Units  for  presentation  in  this  report.  U.S.  Customary  units  are  presented  in 
parentheses. 

The  assistance  and  cooperation  of  the  vehicle  manufacturer  were  greatly  appre- 
ciated. The  Department  of  Energy  supplied  funding  support  and  guidance  during  this 
project. 


III.  OBJECTIVES 

The  objectives  of  this  track  test  were  to  determine  vehicle  and  component  per- 
formance characteristics  and  vehicle  component  efficiencies.  The  characteristics  of 
interest  are; 


Vehicle  Speed 

Range  at  Constant  Speed 

Range  Over  Stop-and-Lio  Driving  Schedules 

Maximum  Acceleration 

Gradeability 

Gradeability  Limit 

Road  Energy  Consumption 

Road  Power 

Indicated  Energy  Consumption 
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Brakiii)’  ('apahility 
Hattory  Chart'or  I Ificioncy 
Battery  C'liaracteristics 
C’ont roller  !•  ITiciency 
Motor  l•ffieiency 

IV.  TIST  VI  HK'LI-  DISCRIPTION 

riie  I'  V.A  Metro  #1  Sedan  is  a eonverted  Renault  12  Sedan  powered  hy  sixteen. 
0-volt  Batteries.  .-Xn  SCR  Cablelorm  eonlroller.  actuated  By  a foot  tlirv>ltle,  cluinpes 
the  voltage  applied  to  the  lO-kW  motor.  An  automatic  transmission  with  ton|ue  con- 
verter is  proviileil  tor  forward  and  reverse.  I he  vehicle  is  accelerateil  By  depressing  the 
accelerator  which  sends  a programmed  voltage  to  the  .SCR  controller  whicli  provides 
a variahle-pulse-wiilth  voltage  to  the  lO-kW  motor  to  control  its  r/min,  I’he  motor, 
in  turn,  drives  the  toniiic  convertet  to  the  transmission  which  has  three  forwaixl  posi- 
tions and  one  reverse.  A complete  description  ol  the  vehicle  is  given  in  Appendix  B. 
I he  vehicle  is  shown  in  Bigure  I.  A I2l)/:20-volt  ac.on-Board  Battery  charger  is  pro- 
vided to  charge  both  the  traction  Batteries  and  the  accessory  Battery  An  evaluation  of 
the  charger  is  given  in  Appendix  I'he  vehicle  manufacturer  s(H'cifies  12  hours  to 
completely  recharge  tully  dischargetl  Batteries.  No  regenerative  Braking  is  provided 
on  this  vehicle.  I'he  controller  and  front  Battery  pack  are  shown  m I'iguR'  2.  and  the 
charger  and  rear  Battery  pack  are  shown  m f igure  .V 


V.  INSI  RUMI  Nl  AI  KfN 

The  fVA  Metro  Sedan  was  instrumentcil  to  measure  vehicle  speed  and  range. 
Battery  voltage,  current.  * iiistantaneous  ’ power  and  averaged  power,  motor  voltage, 
(motor  current  was  assumed  equal  to  Battery  current),  the  temperature  of  llie  motor 
frame,  and  the  Battery  charger  power.  B.ittcry  electrolyte  temperatures  were  inea 
sured  with  thermometers.  A Brief  description  of  the  instrumentation  system  is  given 
in  the  following  paragraphs.  Details  of  the  recorder  are  given  in  Apivndix  D 

Instrumentation  consisteil  of  sigiial-coiulitioning  circuits  and  a magnetic  tape 
recorder  for  reconling  analog  signals  of  electrical  parameters.  I'he  magnetic  tape 
recorder  was  operated  in  the  frequency  modulation  mode  at  4.7o.^  cmtI.ST.X  inches) 
per  second.  I'lie  signal-conditioning  circuitry  to  the  recorder  consisted  of  a main 
Battery  voltage  diviiler.  a shunt-voltage  amplifier  for  current  monitor,  an  analog 
multiplier,  aiul  averager  circuits  for  averaging  power  and  current  Because  the  recorder 
respon.se  was  less  than  ()..)  dB  down  at  ,S00  hertz  (llz).  A voltage  proportional  to 
power  was  proiluced  By  the  instantaneous  multiplieution  of  voltage  and  current 
t’urrent  aiul  power  were  recorded  Both  raw  and  electronically  averaged.  I'he  raw 
values  include  Ihe  rapid  switching  transients  as,sociated  with  the  solid-state  controller. 
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Vie»  of  front  showing  SCR  conlroDer  and  one  set  of  batteries 
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I ho  estimated  overall  dc  measurement  error  is  less  than  ± 1.8%  lor  power.  I'liis  in- 
cludes digit i/ation  from  the  tield-recorded  analog  magnetic  tape  to  a computer- 
compatible  digitized  magnetic  tape.  The  measurement  error  of  the  various  condition- 
ing circuits  can  be  broken  down  as  follows:  current  shunt  ± 0.25%;  current  amplifier; 
± 1%;  multiplier;  ± 0.25%  (Phase  deterioration  starts  to  be  signincant  above  3 kHz 
when  the  multiplier  is  combined  with  an  averager;  ± 1%);  magnetic  tape  recorder;  ± 1%. 
riie  analog-to-digital  converter  at  l(i  bits  and  100  conversions  per  second  did  not  intro- 
duce any  significant  error. 

A schematic  diagram  of  the  electric  propulsion  system  with  the  instrumentation 
sensors  is  shown  in  Figure  4.  A Laboratory  I'quipment  Corporation,  Tracklest  Fifth 
Wheel,  with  the  model  1)1)  1.1,  Flectronics  Digital  Speed  and  Distance  Meter  and  the 
model  1)1)2. 1 . Flectronic  Digital  Distance  Meter,  was  used  during  the  track  tests.  A 
tachometer  generator  was  connected  to  the  fifth  wheel  to  record  velocity  and  to  cal- 
culate distance  traveled.  I'he  fifth  wheel  and  auxiliaries  weighed  about  18.b  kg  (41  lb), 
riie  fifth  wheel  was  calibrated  by  rotating  the  wheel  on  a constant-speed,  fifth-wheel 
calibrator  drum  mounted  on  the  shaft  of  a synchronous  ac  motor.  The  accuracy  of  the 
velocity  readings  was  within  ± '/;%  of  the  reading.  Velocity  was  recorded  on  a Lock- 
heed Store  7 magnetic  tape  recorder. 

Battery  electrolyte  temperatures  and  specific  gravities  were  measured  manually 
before  and  after  the  tests. 

Power  for  the  fifth-wheel  instruments  was  provided  by  two  vehicle,  auxiliary. 
12-volt  Sl.l  batteries  which  were  connected  in  parallel.  The  power  for  the  magnetic 
tape  recorder  and  signal-conditioning  instrument  package  was  supplied  from  a battery 
pack  described  in  Appendix  1). 

All  instruments  were  calibrated  periodically  with  checks  before  each  test. 

The  current  into  the  battery  and  the  energy  into  the  battery  charger  were  mea- 
sured while  the  battery  was  rechargeil  after  each  test.  The  current  to  the  battery  was 
recorded  on  a Hewlett  Packard  7100  B strip  chart  recorder.  Lhc  current  was  measured 
using  a 100  ampere/ 100  millivolt  current  shunt.  The  energy  delivered  to  the  charger 
was  measured  with  a Sangamo  l lectric  I'ype  .I4S  30rA  single-phase,  residential,  watt- 
hour  meter. 

VI.  TI  ST  PROCI  DURFS 

riie  tests  described  in  this  report  were  performeil  at  the  Aberdeen  Proving 
(iround  (AlHD  test  facilities  at  Aberdeen.  Maryland.  Five  different  test  locations  were 
used.  A complete  description  of  the  track  is  given  in  Appendix  F.  When  the  vehicle 
was  delivered  to  Ml  R.ADCOM,  Fort  Belvoir.  Virginia,  the  pretest  checks  described  in 
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Appendix  f'  were  conducted.  Tlien  the  vehicle  was  shipped  to  Aberdeen  Provinji 
(iround,  and  tlie  checks  describeil  in  Appendix  I'  were  performed  before  the  first  test 
runs.  There  was  a formal  shakedown  run  to  familiari/.e  the  driver  with  the  operatin}: 
characteristics  of  the  vehicle  and  to  verify  proper  operation  of  all  instrumentation  sys- 
tems. All  tests  were  run  in  accordance  witli  the  1 RHA  l lectric  and  Hybrid  Vehicle 
Test  and  1-valuation  Procedure  (Appendix  A). 

1.  Vehicle  Test  Speed.  I'he  vehicle  speed  for  the  highest-speed.  constant-speed- 
range  test  was  determined  by  the  maximum,  safe  speed  allowed  by  the  APd  test 
facilities.  I bis  speed  was  S0.45  km/h  (50  mi/hl. 

2.  Range  Tests  - Constant  Speed.  Range  tests  at  constant  speed  were  carried 
out  at  40  km/h  (25  mi/h).  5t>J  km/h  (.T5  mi/h).  and  80.45  km/h  (50  mi/h);  speeds 
were  held  constant  within  ± 1.0  km/h  (1  mi/h).  and  the  test  was  terminated  when  the 
vehicle  could  no  longer  maintain  'iS'/r  of  the  designated  test  speed.  The  range  tests 
were  run  at  least  two  times  at  each  speed. 

3.  Range  Tests  - Driving  Schedules.  Schedule  “B”  32.2  km/h  (20  mi/h) 
and  Schedule  “C”  48.3  km/h  (30  mi/h)  stop-and-go  ilriving  cycles  were  run.  A com- 
plete description  of  cycle  tests  is  given  in  the  I RDA  l-lectric  and  Hybrid  Vehicle  l est 
and  hvaluation  Procedure  (Appendix  A). 

4.  Acceleration  and  Coast  — Down  Tests.  The  maximum  acceleration  of  the 
vehicle  was  measured  on  a level  road  with  the  battery  at  three  states  of  charge.  I'he 
acceleration  coast-down  tests  were  performed  continuously  until  the  battery  was 
discharged.  The  vehicle  was  operated  in  this  manner  two  times  for  each  initial  state  of 
charge.  Data  was  recorded  on  an  analog,  magnetic-tape  recorder  and  later  digitized, 
and  calculations  were  performed  on  a computer.  I'hese  tests  were  conducted  on  the 
Dynamometer  ('ourse  at  APCi.  (See  .Appendix  I-  for  description  of  the  course.)  Coast- 
down  data  was  taken  following  each  maximum-acceleration  run  with  the  transmission 
in  neutral. 

5.  Braking  TcsI.s.  Braking  tests  on  the  vehiele  were  conducted  to: 

a.  Determine  minimum  stopping  distance  in  a .straight-line,  emergency 

stop. 

b.  Detenuine  controllability  of  the  vehicle  while  braking  in  a turn  on  both 
wet  and  dry  pavement. 

c.  Determine  brake  recovery  after  being  driven  through  0.15  meter  (0  in.) 
of  water  at  8 km/h  (5  mi/h)  for  2 minutes. 


i 


1 


it) 


d.  Determine  parking  brake  effeetiveness  on  an  incline. 


6.  Tractive  Force  Tests.  The  inaximiiin-grade  capability  of  tlie  test  vehicle  was 
determined  from  tractive  force  tests  by  towing  an  M8  light,  field  dynamometer  at  1.6 
km/h  (1  mi/h)  while  the  test  vehicle  was  being  driven  with  wide-open  throttle.  The 
force  was  measured  by  the  dynamometer  instrumentation  from  the  load  cell  attached 
between  the  vehicles.  The  test  was  run  with  the  batteries  O'  <’ . 40'  <' . and  80'/J  discharged. 

7.  Charger  Efficiency  Tests.  The  on-board  charger  supplied  by  EVA  was  not 
used  in  the  field  tests  because  it  did  not  charge  the  cells  above  the  required  specific 
gravity  of  1.265  overnight  on  115  Vac.  The  efficiency  of  the  EVA  charger  was  cal- 
culated based  on  a charge  from  a I 18-Vac  line.  A residential  kilowatt-hour  meter  was 
used  to  measure  input  power  to  the  charger.  The  charger  output  power  was  mea- 
sured with  a Hall-effect-device,  watt-hour  meter  which  responds  to  inputs  from  dc  to 
considerably  higher  than  5 kll/..  The  efficiency  was  68'/?. 

VII.  TEST  RESULTS  AND  DISCUSSION 

The  data  collected  from  all  the  range  tests  are  summarized  in  Tables  3a  and  3b. 
Shown  in  the  tables  are  the  test  data,  type  of  test,  environmental  conditions,  the  range 
test  results,  the  ampere-hours  into  and  out  of  the  battery,  and  the  energy  into  the 
charger.  These  data  are  used  to  detennine  vehicle  range,  battery  efficiency,  and 
energy  economy. 

1.  Maximum  Speed.  The  maximum  speed  of  the  vehicle  was  measured  during 
the  checkout  tests.  It  is  defined  as  the  average  speed  that  could  be  maintained  on  the 
track  under  full  power.  The  measured  maximum  speed  was  77  km/h  (48  mi/h)  for  this 
vehicle. 

2.  Range.  Two  40-km/h  (25  mi/h),  two  55-km/h  (35  mi/h).  two  77-km/h  (48 
mi/h).  two  B-cycle.  and  two  C-cycle  range  tests  were  run.  All  the  test  results  are  shown 
in  Tables  3a  and  3b. 

3.  Maximum  Acceleration.  The  maximum  acceleration  of  the  vehicle  was  mea- 
sured with  the  batteries  fully  charged.  40',r  discharged,  and  80', '<  discharged.  The 
results  of  the  tests  arc  shown  in  Figures  5a  and  5b  and  are  tabulated  in  Table  4.  The 
average  acceleration,  a^^.  was  calculated  for  the  time  period,  t^^  ito  t^.  where  the 
vehicle  speed  increased  from  V^  to  V^^  from  the  equation; 
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Figure  Sa.  Vehicle  acceleration  (English  units). 


Figure  Sb.  Vehicle  acceleration  (Metric  unitv) 
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Figure  6a.  Acceleration  as  a function  of  speed  (English  units). 


PERCENT  DISCHARGE 


Acceleration  as  a function  of  speed  (Metric  units). 


Figure  7a.  GradeabSity  as  a function  of  speed  fEi^lish  units). 
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Table  b.  Gradeability  of  I-IVA  Metro 
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7.7 

l.l 

1.8 

b 

3.7 

14.0 

13.4 

Ib.l 

10 

b.2 

12.7 

12.7 

22.4 

lb 

4.4 

1 1.4 

14.1 

17.1 

1 •) 

13.7 

4.7 

12.8 

12.5 

28 

17.4 

b.5 

10.0 

1 1.0 

3b 

22.4 

b.52 

b.7 

b.O 

48 

24.8 

5.b 

4.2 

3.4 

5b 

34.8 

4.1  1 

3.5 

2.b 

b8 

42.3 

b.4 

l.b 

1.7 

72 

44.7 

5.2 

2.7 

1.3 

7b 

47.2 

3.4 

O.b 

78 

48.5 

1.4 

:i 


TIk'  tractive  forces  tliat  the  F.VA  Metro  Sedan  was  capable  of  exerlitm  for 
three  states  of  battery  discliarge  were. 

0'  .'  Discharged  5250  N 1 1 1 80  IbO. 

40%  Discharged  5470  N ( 1 230  IbO. 

80%  Discliarged  4405  N (490  IbO. 

All  tests  were  perfonned  in  first  gear.  At  a vehicle  test  weight  of  1042  kg 
(3620  lb),  the  resulting  gradeability  limits  were: 

0%  Discharged  — 34.5'X'  (range:  33  to  3(i%). 

40',';  Discharged  - 36. 0'^  (range:  35  to  37'/;). 

80';  Discharged  - 28.5'%  (range:  27  to  30'.;  ). 


I'he  values  at  the  40'.'  discharged  state  were  greater  than  at  the  0'%  dis- 
charged state  for  the  tractive  force  and  the  gradeability  limits.  I'he  cause  could  have 
been  the  increase  in  battery  temperature  which  would  decrease  the  battery  internal 
resistance.  This  is  possible  because  the  battery  was  discharged  at  75  amperes  between 
measurements  to  attain  the  states  of  discharge.  The  percent  discliarged  was  determined 
by  measuring  the  ampere-hours  taken  out. 


During  actual  longitudinal  slope  operations,  a 20';  slope  was  negotiated  in 
forward  and  reverse  gears;  a 30'';  slope  was  negotiated  in  forward  gear,  but  the  vehicle 
stalled  in  reverse.  The  vehicle  was  stopped  and  started  from  a stationary  position  on 
each  grade. 

6.  Road  Energy  Consumption.  Road  energy  is  a measure  of  the  energy 
consumed  in  overcoming  the  vehicle’s  aerodynamic  and  rolling  resistance  plus  the 
energy  consumed  in  the  differential  drive  shaft  and  the  portion  of  the  transmission 
rotating  when  in  neutral.  Road  energy  is  obtained  during  coast-down  with  the  differ- 
ential being  driven  only  by  the  wheels. 

The  road  energy  consumed  for  the  vehicle  at  various  speeds  and  the  losses  in 
the  ditterential  were  determined  from  coast-down  tests.  Road  energy  consumption, 
l „ , is  calculated  as  megaioules  per  kilometer  from  the  following  equation: 


l „ = 2.78  X 10-*  W 


v„.,  -v„ 


or.  ill  r.nglish  units: 


V - V 

l-  = 4.07  X 10'-'  W "■'  " 

" I - t 

'n  ‘n-1 


kWh 

mi 


where: 


V = vehicle  speeil  in  km/lMiiii/h) 
t = time.  s. 

The  results  for  the  road  energy  determination  are  shown  in  Figures  8a.  8b.  and  8c  and 
Table  7. 

Fable  7.  Road  I nergy  C'onsumption  of  FVA  Metro 


Vehicle  Speed 

Road  I nergy 

km/h 

(mi/h) 

MJ/km 

kWh/km 

(kWh/mi) 

65.33 

.49 

.14 

*>  ^ 

42.64 

26.5 

.34 

.09 

.15 

26.71 

16.6 

.29 

.08 

.13 

15.77 

9.8 

.20 

.06 

.09 

6.92 

4.3 

.19 

.05 

.085 

7.  Road  Power  Requirements.  The  road  power  is  a measure  of  vehicle  aero- 
dynamic and  rolling  resistance  plus  the  differential,  drive  shaft,  and  a portion  ot  the 
transmission’s  power  kxss. 

The  road  power,  1’,^ . required  to  propel  a vehicle  at  various  speeds  is  also 
determined  from  the  coast-down  tests.  The  following  equations  are  used: 


, - V* 

P = .V8b  X 10--'  W . kW. 

” t - t 

‘n  ^n-l 


Figure  8b.  Road  energy  as  a function  of  speed  (Metric  units). 


12.5 


Figure  9a.  Road  power  as  a function  of  speed  (Metric  units). 


Tabic  S.  Roail  Power  Rciiuircinctils  of  I VA  Metro 


Velriele  Speed  Road  Power  Rei|uired 


km/h 

(mi  h) 

kW 

(lip) 

40.O 

S.73 

11^ 

42.04 

20.5 

3.88 

5.2 

20.71 

1 0.0 

2.04 

2.8 

15.77 

4.S 

.82 

1.1 

0.42 

4.3 

.37 

.5 

S.  Indicated  Energy  Consumption.  I'lie  veliiele  indicated  energ\  consumption 
IS  defined  as  the  energy  required  to  recharge  the  battery  alter  a test  divided  by  tl\e 
vehicle  range  achieved  during  the  test  where  the  energy  is  measured  as  the  input  to  the 
battery  charger. 


The  energy  input  to  the  battery  charger  was  measured  with  a residential 
kilowatt-hour  meter  following  each  range  test.  Some  overcharge  of  the  batteries  was 
usually  required  in  order  to  assure  that  all  cells  of  the  battery  were  fully  charged  and 
the  pack  was  equalized.  I'he  energy  us.ige  reported  in  t able  4 was  based  on  field  data 
acquired  with  a Ml  R.MH'OM  power  supply  used  as  a charger  to  charge  the  battery 
faster  than  the  1 \'.\  Charger  and  to  bring  all  cells  above  a specific  gravity  of  1.2o5. 

Table  4 Indicated  1 nergy  Consumption  for  I VA  Metro  Sedan 

X'ehicle  Speed 

kWh* 

Indicated  1 nergy 

Tconomy  * 

km/h  mi  h 

Into  Charger 

MJ  km 

kWh  mi 

40  25 

17.8 

1.1 

0 44 

18.0 

1.05 

0,47 

55  35 

14.3 

1.14 

0.51 

14.8 

1.1b 

0.52 

77  48 

ItvO 

1.5'^ 

0.70 

15.0 

1.45 

0,b5 

“B"  Schedule 

lb. 5 

1.52 

0.b8 

15.0 

1.74 

0.78 

"C”  Schedule 

Ib.O 

1.70 

O.^b 

15.5 

1.57 

0.70 

• A Ml  R.MH'OM  Pt'wer  SuppK  ujs  ust'd  !m  chariiin^;  hccausi'  of  the  uuIm1h>  ot  the  I \ A ('hariioi  U'  lull)  chaT):o 
the  Vtactiou  Uattets  ow'Ti\i(iht  on  115  Vae. 


I 


I 


0 


i ' 


b 


i 9.  Braking  Capability.  SimplilkHl  braking  capability  tests  wore  coiuhictoil.  as 

per  tlie  procedure  outlined  in  .-kppeitdix  A.  to  provide  a preliminary  evaluation  ot  the 
vehicle’s  braking  capabilities.  I'lie  procedure  also  calls  tor  handling  tests  but  they  were 
not  conducted  on  this  vehicle. 

a.  Straight-Line  Braking.  Braking  capability  and  iH'rformance  were  deter- 
mined in  accordance  with  Section  2.S.8  of  the  test  procedure  in  .Appendix  ,A. 
Maximum-effort  brake  applications  were  made  from  road  speeds  of  48. d km/h  (,H) 
nil  h)  and  80..''  km/h  t5U  mi  h)  on  a level,  bituminous  concrete  road  that  has  a "’0  dr\ 
skid  number.  The  results  of  these  tests  are  presented  in  fable  10.  I'he  stopping 
distance  requirement  that  at  least  one  stop  be  within  17.4  m (57  ft)  from  48..'  km  h 
(30  mi/h)  and  45.7  m ( 150  ft)  from  80.5  km  h (50  mi/h)  was  met. 

b.  Braking  in  a Turn.  Braking  in  a turn  on  dry  and  wet  pavement  was 
limited  to  a speed  of  48.3  km  h (30  mi  h)  because  the  level,  paved  areas  available  to 
perform  these  tests  were  dimensionallv  inadeipiatc  to  accommodate  the  large  turning 
circles  reipiired  to  develop  0.2g  and  0.3g  lateral  accelerations.  The  area  used  has  a skid 
number  of  40  when  dr\  and  39  when  wet.  fuming  radii  of  oO.’’  m ( 199  fOand  90.8  m 
(398  ft)  were  measured  and  a 3.7-ni  (13-ft)-wide  lane  was  identified  b\  means  of 
pylons.  I hree  brake  stoj's  were  made  in  each  left-  and  right-turn  configuration  with 
the  road  surface  dry  at  the  <'0.7  m (190  ft)  turn  radius,  the  tests  were  repeated  with 
the  road  wet  at  the  9()  s m (398  ft)  turn  radius.  Brake  performance  from  48.3  km  h 
(30  mi  h)  is  presented  in  fable  1 1.  Stability  and  controllabilitv  of  the  vehicle  within 
the  3.7-m  (13-ft)-lane  width  were  satisfactorv  during  both  drv-  and  wet-road  brake 
tests.  W heel  lockup  occurred  at  the  inside  front  wheel  and  momentarily  at  the  insiile 
rear  wheel  during  all  dry-road  turns.  Both  inside  wheel.s  locked  during  all  wet-road 
turns  and  in  one  instance  during  a left  turn  both  front  wheels  locked;  however,  the 
vehicle  remained  within  the  3.7-m  ( 1 3-ft)  lane. 

e.  Wot  Brake  Recovery.  Seixice  brake  water  recovers  tests  were  accom- 
plisheil  b\  making  three  48.3  km  h (30  mi  h).  3 m/s*  (i'.8  mi/h  s)  baseline  stops  prior 
to  wetting  down  the  brakes,  fhe  vehicle  had  insufficient  front-v'iul  ground  clearance 
to  drive  the  vehicle  in  a 1 5-v.in  (('-in.)  water  depth,  the  drive  motor  is  highly  susceptible 
to  damage  by  water  or  road  obstacles  because  of  its  proximitv  to  the  road  surface. 
Wetting  was  accomplished  with  a hose  on  the  front  brakes  and  bv  backing  into  a water 
facility  until  the  rear  brakes  were  immersed,  l ive  recovers  brake  stops  were  made  with 
wet  brakes,  fhe  results  of  the  recovers  tests  .ire  ('resented  in  fable  13.  Service-brake 
recovery  after  water  immersion  was  satisf.ictors . 


1 1 . Table  iO.  jtraiglit-Line  Braking  Test  Results 


Max  Brake 

Road  Speed  Stopping  Distance  Avg  Deceleration  Temp  °C  (°F) 


(km/h) 

(mi/h) 

(m) 

(ft) 

(m/s^) 

(ft/s’) 

(Front) 

(Rear) 

48.3 

30 

15.6 

51.2 

5.8 

18.9 

129 (264) 

72(169) 

18.2 

59.8 

4.9 

16.2 

122 (251) 

77(170) 

14.4 

47.3 

6.2 

20.5 

111  (231) 

72  (169) 

80.5 

50 

56.1 

184.0 

4.5 

14.6 

77(171) 

49(120) 

46.9 

154.0 

5.3 

17.5 

110(230) 

64(147) 

44.9 

146.0 

5.6 

18.4 

133 (271) 

76  (168) 

Table  11. 

Braking  in  a Turn  Test  Results 

Test  Conditions 

Stopping  Distance 

Max  Hydraulic 

Line  Pressure 

Max  Brake  Temp 
°C(°F) 

(m) 

(ft) 

(kPa) 

(Ibf/in^) 

(Front) 

(Rear) 

Dry  Surface 

Left  Turn 

22.9 

75.2 

10,600 

1540 

33(91) 

27(81) 

20.9 

68.6 

10,600 

1540 

- 

— 

15.1 

49.4 

1 1 ,200 

1620 

89  (192) 

56  (133) 

Right  Turn 

16.6 

54.5 

1 1 ,900 

1720 

_ 

_ 

16.0 

52.6 

10,900 

1580 

- 

— 

19.1 

62.8 

1 1 ,600 

1680 

106(223) 

67  (153) 

Wet  Surface 

Left  Turn 

17.8 

58.4 

10,800 

1.560 

34  (93) 

28  (83) 

19.4 

63.5 

1 1 ,200 

1620 

— 

— 

17.2 

.56.5 

10,500 

1520 

95(203) 

58(137) 

Riglit  Turn 

20.8 

68.1 

10.100 

1460 

_ 

16.5 

.54.2 

1 1 ,900 

1720 

— 

— 

21.6 

70.8 

1 1 ,200 

1620 

117  (242) 

71  (160) 

31 


d.  Parking  Brake  Tests.  Parking  brake  tests  were  performeil  on  20-  atnl 
JO-pereent  longitudinal  slopes.  A force  of  .^80  to  400  N (8.S  to  ‘W  Ihf)  applied  to  the 
parking-brake  handle  was  suttieient  to  hi)ld  the  vehicle  stationary  in  an  iipgraile  or 
downgrade  attitude  on  a 20%  .slope  with  the  transinis.sion  in  neutral;  a handle  force  of 
.SbO  N ( 1 :.S  Ibf)  was  necessary  on  a .?0%  slope.  If  the  transmission  is  placed  in  "park," 
tlie  400-N  (dO-lbf)  handle  force  is  sufficient  on  the  30';.'  slope.  \ he  parking  brake  is 
satisfactory. 

e.  Coast-Down  Tests.  Coastilown  data  was  taken  with  the  transmission 
in  neutral  following  eaei\  maximum-acceleration  run.  1 he  averageil  results  of  twD 
coast-ilown  tests  are  given  in  fable  l.t. 

vm.  COMPDNI  NT  PI  Rl  ORMANCI  AND  I I I K'll  NtA 

1.  Battery  Charger.  I he  I VA  "Battery  Marshall"  traction  battery  charger 
operates  from  single-phase  power  from  eitlier  a 120-volt  or  240-volt  ae  outlet.  I he 
charger  incorporates  line  input  monitoring  that  selects  the  appropriate  charge  rate 
fhe  charger  test  report  is  in  Appendix  C.  A 120-volt  ac  outlet  is  proviiled  on  the 
iharger  tor  the  l2'Volt  auxiliary  battery  charger.  1 he  auxiliary  charger  consists  ol  a 
step-ilowii  transtormer  anvl  two  iliodes  to  pn>duce  half-wave  rectification  aiul  is 
eipiipped  with  a circuit  breaker,  ammeter,  and  battery  clips. 

2.  Battery  Characteristics. 

a.  Maniifaelurer's  Data.  fhe  b.itteries  supplied  with  the  I \ A Metre 
•Sedan  vehicle  were  I lectric  Stor.ige  Batterv  (I  SB)  I xide  I VI0(>  1 lectnc  \ehicle 
Batteries  ( lie  I V|0<>  is  a P-volt.  .t-cell  module  rated  at  lOo  minutes  discharge  at  a 
current  of  7.S  amperes  (I.l2..s  Ah)  to  a voltage  cutoff  of  1.75  volts  per  cell  at  .i 

.)2 


tcmiH'raturo  of  25°C  (77“l').  Dimensional  spocifiLations  as  supplied  by  battery  manii- 
faeturers  are  sl\own  in  fable  14. 


I 

i’ 

1^ 

1 


II 


Table  l.V  Speed  Versus  I'iine  During  Coasting  for  I'VA  Metro 


lime 

(s) 

km/b 

Vehiele  Speed 

(mi/b) 

t) 

77.7 

48.4 

5 

71.0 

44.7 

10 

05.4 

40.0 

15 

Ol.O 

48.4 

:o 

55.8 

-M.7 

25 

518 

42.8 

40 

47.8 

20.7 

45 

45.: 

28.1 

40 

41.5 

25.8 

45 

48.4 

24.8 

50 

45.1 

21.0 

55 

42.4 

20.2 

bO 

40.: 

18.0 

05 

:5.o 

10.2 

70 

::.8 

14.2 

75 

:o.7 

12.0 

SO 

18.0 

1 1.8 

S5 

17.8 

11.1 

00 

15.0 

0.0 

05 

14.4 

8.4 

100 

10.7 

0.7 

105 

8.0 

5.4 

1 10 

0.8 

4.2 

115 

4.7 

4.0 

i:o 

:.o 

1.8 

Table  14.  Battery  Speeifieations 

Lenutb 

0.2o  m ( 10.475  in.) 

Width 

0.18  m (7.188  in.) 

Height 

0.28  m ( 1 1.210  in.) 

Weight 

Dry 

21.4  kg  (47  2 lb) 

Wet 

20.5  kg  (05.1  lb) 

I'lectrolyte 

0.2  L (0.0  ijt) 

Life  C'yeles  (lab) 

400-450 

Inilly  Charged  Speeifie  (Iravity 

1.280 

Plates  Per  ( ell 

10 

■ 1 


H.itloiy  niamilai  liiii'i 's  iliscliatfii'  ilala  aiv  prosoiitoil  iti  I ii'.iiivs  lO  aiul 
I I I ijiiivo  lU  pivcs  the  ivlationship  ilisiliaijio  oniivnl  aiul  \i)lia>:o  In  llio  U-iii’.tli  of 
ln\K'  the  I'alloiA  »s  able  to  vU'li\ei  IbiN  iinivnl.  As  ean  Iv  seen,  (he  batleiA  o able  to 
ilehsei  It)  ainpeies  lor  JO  hours  or  JOO  antpere-ltovirs,  but  at  JSO  ami'eres  the  ballerv 
will  onl\  operate  l)..'7  hour  I'r  ^ieliver  ‘>J.5  ami'ere-hours  at  ,i  vliseharjie  rate  iil  HI 
amperes,  the  mean  cell  Nolta.ee  is  J.O  volts  while  at  J.SO  amperes  the  mean  eell  voltaite 
ilrops  to  15  \olls  ilmin.i;  the  ihseharp.e  perioil.  Hie  rateil  eap.ieity  ol  the  batterv  is 
aetnallv  .iboiit  15',  lower  than  Iheeapaeily  shown  m l i.mire  10.  .nul  this  raleO  eapaeitv 
IS  .K  liialK  iiseO  to  evaluate  tlie  batterv 

l igure  I 1 eives  the  relativmship  ol  speeilie  power  to  speeilie  eneijtv 
available  from  a single  I \'lt)(>  battery 


b.  Ballory  Aeeeplaneo.  I’rior  to  initiation  ol  lo.ul  tests,  the  batteries 
siippheii  by  the  vehiele  m.iniir.ieliirer  were  lesleO  lor  battery  eapaeilv  ami  terminal 
mte)tiity  as  speeilievl  m .Appeiivliv  .A.  1 he  eapaeilv  eheek  was  perlormeil  on  the 

batteries  iisiii}:  a thyristor  eontrolleO  ilisehaiyte  unit.  .Sniee  the  measiireil  eapaeilv  was 
I5J..''  .impere-hours  at  a itisehar)>e  rate  of  75  amperes  to  1.75  volts  per  eell  (lOlV, 
of  the  mannlaeliirer's  raleil  eap.ieity).  the  battery  was  aeee|>i.ible.  As  shown  m 
I ii’.iire  1 J.  the  battery  volla.ue  at  the  initiation  of  iliseharpe  was  ‘>5,"'  volts  ami  vleeavevl 
.e.r.ulnallv  to  S4,I0  volts  at  the  emi  of  the  lest, 

Ihe  .UlO-ampere  Oiseharge  lest  was  rim  with  a Ihyiislor-eonlrolleil  Ois- 
eh.iipe  unit.  At  Ihe  eml  ol  the  5-mimite  lest,  the  hi.ithesi  b.ilterv -terminal  temperature 
was  57'  t l.).5‘'l'),  .As  this  was  less  than  P0"<.'  above  ambient,  the  batterv  system  was 
within  speeifiealions. 

.V  roivslani  Vchkie  Spml  Ballory  IVrfonnaneo.  niiriii!;  Ihe  roail  tests,  b.ilterv 
enrrenl  ami  imvtor  volta.ee  were  eonslantiv  monitoreil.  Sinee  the  battery,  evmiroller, 
ami  the  motvvr  unit  (with  its  tree-wheel  ilioile.  torwaivl  ami  reveise  eonlaelins,  aiul 
brakin>;  ilioile)  imule  tip  a luph-eiirrent  eloseil  loop  anil  the  motor  unit  was  eonsiriieleil 
so  as  to  make  inserliii):  a shmil  lor  enrrenl  monitor  ililfienll.  battery  enrrent  was 
moniloreil  ami  was  assumeil  to  be  ei|iial  to  motor  tor  more  aeeiiratelv  to  motor  unit) 
enrrenl 


rresenteil  in  I ipires  l.^a  anil  l.tb  are  Ihe  batterv  eliaraelenslies  ilnrinp  Ihe 
4l)  km  h (:5-mi  h)  ranite  test  1 7 May  l‘)77,  Ihe  55-km  h (.U  .bim  h)  ranee  lest  rim  on 
In  May  l'>77,  ami  the  77-km/h  (4S-im/h)  taupe  lest  run  on  2.)  May  H>77.  The  avera.ee 
b.illery  enrrenl.  voltage,  ami  power  ilnrin.e  Ihe  first  25'(  of  Ihe  vehiele's  range  are 
shown  m I ignre  l.l.i  Similar  hallery  performanee  ilala  ilnrin.e  Ihe  last  25',  of  the 
vehiele's  r.mge  is  shown  in  l igiire  l.lb.  Hallery  power  ileereases  towaril  Ihe  eml  of  Ihe 

.14 
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VOLTAGE  CUT-OFF  1.75  VOLTS/CELL  (VPC) 
UP  TO  128  AMPERES  1 


VOLTAGE  CUT-OFF  1.60  VPC 
BEYOND  128  AMPERES 


0 20  SO  100 


DISCHARGE  CURRENT  (AMPERES) 

Figure  10.  Battery  discharge  characteristics. 


SPECIFIC  POWER  (W/KG 


Current  (Amperes)  Current  (Amperes) 


test,  riie  ilecroaso  is  prolnihly  iliio  to  tlio  roiiueod  power  reiiuiremeiils  as  the  tempera- 
ture ol  the  meeliaiiieal  drive  train  eoinponents  aiul  assoeiated  luhrieants  uureases 
liuriu}:  tl\e  test. 

Table  15  contains  battery  perl'orinance  data  Tor  tlie  three  speeds  in 
Tiiture  1.1a  and  l.lb.  The  total  energy  reinoveii  Trom  the  battery  decreases  as  the  speeil 
increases  in  the  manner  characteristic  oT  lead  acid  batteries.  I'ignre  14  is  a set  ot  curves 
showing  the  “knees”  at  which  the  capacity  of  the  1 V10('  battery  starts  to  Tall  rapidly 
Tor  various  rates  oT  discharge. 

4.  Battery  Fert'oniianee  — Driving  Cyelc.  The  average  battery  current,  voltage, 
anil  (lower  atui  the  vehicle  si'eed  Tor  the  third  and  next  to  last  cycle  ol  a “B"  schedule 
(20  mi/h  start/stop  runt  and  oT  a schedule  (.10  mi/h  start/stop  run)  are  shown  in 
Tigures  l5aHl  and  Ida-il  respectively.  The  total  number  oT  start  slo(>s.  distance 
traveled,  aiul  other  data  on  the  battery  and  drive  cycles  are  given  in  Table  In. 

5.  Battery  I’erfonnanee  — Maxiimim  Aeeoloratioii.  Battery  peiTorm.ince  data 
at  selected  limes  during  the  maximum  acceleration  lest  Tor  three  de|>lhs  oT  battery  dis- 
charge are  presented  in  Table  17. 

6.  licneral  Battery  I’erfonnanee.  Shown  in  Table  IS  are  battery  data  lor  the 
driving  tests.  The  tvdly  charged  battery  electrolyte  specific  gravities  range  Trom  1.254 
to  1.2'’0and  the  Tully  discharged  s|ieciTic  gravities,  Trom  1.127  to  1.1 ’’0.  The  am|iere- 
hour  overcharge  varies  Trom  (V,  to  .15'".  To  assure  that  all  cells  in  the  battery  were 
ei)uali/ed.  it  was  necessary  to  overcharge  beyond  the  desired  overcharge  oT  10',  in 
most  cases.  Tven  then,  the  average  specific  gravities,  at  times,  stay  ed  below  the  desircil 
minimum  oT  1.2(i0.  The  battery  lem|H'ralure  had  a tendency  to  increase  trom  ambient 
at  the  start  oT  the  lest  to  about  14'’('  (25"T'l  above  ambient  at  the  end  oT  lest. 

7.  (.’barging  and  Battery  l•'ffieieney.  Sec  .'Vpi'endix  (’  Tor  an  evalu.ilion  ol  the 
I V.V  “Battery  Marshall”  solid  state  battery  charger  supplied  with  the  vehicle 

S.  Controller.  The  controller  Tor  the  T V.\  Metro  Sedan  is  a commutation  sys 
tern  in  which  a voltage  is  api^lied  to  silicim-eimlrolled-reelitier  (SCKl  gales  c.iusing  con- 
duction. The  Tieiiuency  and  pulse  width  ol'  these  gales  are  varied  by  a polenliomeler- 
conlrolled  voll.ige  varied  by  the  accelerator  disc'laeemenl. 

i’ower  being  delivered  to  the  motor  is  continually  monitored  and  is  auto 
malically  controlled  so  that  a maximum,  pre  determined  level  is  not  exceeded. 


EV-106  BATTERY 


DISCHARGE  TIME  - MINUTES 

Figure  14.  Typical  voltage  n time  curve  at  80^F  and  various  discharge  rates. 


UEHICLE  PERFORMANCE  OF  E.V.A.  METRO 


UEHICLE  PERFORMANCE  OF  E.U.A.  METRO 


Figure  ISb.  Average  battery  voltage. 
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VEHICLE  PERFORM^iMCE  OF  E.U.A.  METRO 


Figure  16a.  Average  battery  current. 
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UEHICLE  PERFORMANCE  OF  E.V.A.  METRO 


Figure  I6d  Speed  as  a function  of  time 
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Table  16.  Driving  Cycle  Perrorniaiice  of  KVA  Metro 


Parameter 

Schedule  B 

Schedule  C 

Total  Start/Stop  Cycles 

84 

53 

ITistance  Traveled  During  Test 

32.7  km  (20.3  mi) 

.34.2  km  (2 1.2  mi) 

Test  Period 

1.72  h 

1.24  h 

Kilowatt-Hours  Used  During  Test 

0.164  kWh 

9.38  kWli 

Average  Watt-Hours  Used  Per  Cycle 

109  Wh 

177  Wli 

Ampere-Hours  Used  During  Test 

1 10  Ah 

120  All 

Average  Ampere-Hours  Used  Per  Cycle 

1.31  Ah 

2.26  Ah 

Average  Cycle  Duration 

0.0205  h (73.8  s) 

0.0234  h (84.2  s) 

Average  Time  Battery  is  Loaded  Per  Cycle 

0.011  h (39.6  s) 

0.011711  (42.1  s) 

Percent  of  Power  Used  for  Acceleration  to 
Cruising  Speed 

56% 

59% 

Table  17.  KVA  Metro  Maximum  Acceleration  Battery  Performance 


Time 

(s) 

Speed 

(iiii/h)  (km/h) 

Current 

(A) 

Voltage 

(V) 

Power 

(kW) 

Discharged 

(%) 

10 

l‘f.3 

31.0 

372 

78.5 

29  2 

0 

20 

30.1 

48.4 

380 

78.6 

29.9 

0 

50 

43.0 

69.2 

280 

84.4 

23.5 

0 

65 

46.8 

75.3 

260 

84.8 

22.0 

0 

10 

17.2 

27.6 

353 

77.9 

27.5 

40 

20 

30.1 

48.4 

349 

77.6 

27.1 

40 

50 

44.6 

71.8 

249 

82.4 

20.5 

40 

65 

46.9 

75.5 

230 

83.4 

19.2 

40 

10 

22.4 

36.0 

325 

73.9 

24.0 

80 

20 

30.7 

49.4 

319 

73.6 

23.5 

80 

50 

42.4 

68.2 

235 

77.5 

18.2 

80 

65 

44.3 

71.3 

217 

77.7 

1 6.9 

80 
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*i.  Motor  and  Drive  Train.  The  HVA  Metro  traction  motor  i.s  10-kW  continu- 
ous dc  series  compensated  designed  for  a voltage  range  of  72  to  volts.  A data  sheet 
supplied  by  MV  A gives  the  weight  as  1 50  Ih  w/o  base.  The  resistance  is  given  as  0.0.1 1 5 
ohm.  Other  ratings  are  given  in  I'able  Id. 


fable  Id.  MV  A Metro  Sedan  Traction  Motor  Ratings 


Rate 

C'urrcnt 

Voltage 

Velocity 

Torque 

(A) 

(V) 

(r/min) 

(ft-lb) 

Maximum.  Intermittent  Duty 

.100 

120 

mmm 

14 

('ontiiuious  Duty 

110 

4b 

■BSH 

17 

I'he  motor  is  limited  to  4500  r/min  by  an  overspeed-compensated  winding. 
I'he  motor  has  extensive  convective  and  conductive  cooling  and  uses  laminated  pole 
pieces  for  cooling.  The  SCR  >ntroller  acts  as  a current  limiter.  The  electric  motor 
drives  a torque  converter  which,  in  turn,  drives  an  automatic  transaxle.  I'he  shifting 
of  the  transaxle  is  controlled  through  comparison  of  motor  speed  and  motor  current. 
M'inal  drive  ratio  in  third  gear  is  .1.65:1  while  in  1st.  2nd.  and  .Ird  transmission  ratios 
are  2. .1.1: 1 . 1 .44: 1 . and  1 ,00: 1 , respectively.  The  rolling  radius  of  the  tires  is  given  by 
MVA  as  0,d2  foot.  M'urther  evaluation  of  the  drive-train  components  is  now  in  progress 
at  MMRAIX'OM  and  will  be  reported  separately. 

IX.  VMHICLI  RMLIABILITY 

No  major  problems  were  encountered  to  prevent  completion  of  the  tests,  but 
several  problems  occurted  that  delayed  the  tests.  These  problems  were  related  to  the 
propulsion  batteries  and  battery  charger.  Three  sets  of  batteries  were  tested  lor 
capacity  before  a set  met  ampere-hour  capacity  specifications;  this  set  was  compo.seil 
of  .sixteen,  .series-connected  M V 10b  M'xide  batteries  that  were  removed  from  the  MVA 
Metro  #2  Sedan  at  MRDA.  An  external  power  supply  was  used  for  charging  because 
the  onboard  charger  took  too  long  (typically  more  than  lb  hours)  and  did  not  bring 
the  specific  gravity  above  the  required  1.2b5  for  each  cell. 

X.  DRIVI  R RMAtTlON  AND  SI  RVU  1 ABU  I TV 

The  vehicle  was  comfortable  and  handled  well  at  const.ml  speciis.  lUnvever, 
acceleration  was  very  slow.  This  was  caused  by  the  autiunatie  transmission  design 
which  required  the  converter  to  be  at  speed  before  the  vehicle  wouhl  move.  1 he 
batteries  were  relatively  easy  to  service  (water  addition  and  terminal  accessibility) 
except  for  the  last  row  of  cells  in  the  battery  pack  in  the  trunk  of  (he  vehicle  rear  com- 
partment It  was  very  difficult  to  make  specific  gravity  readings  in  this  area. 
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ENERGY  RESEARCH  AND  DEVELOPMENT  ADMINISTRATION 
ELECTRIC  AND  HYBRID  VEHICLE  TEST  AND  EVALUATION  PROCEDURE 

(ERDA-EHV-TEP) 


l ABLi:  01- C'ONTl  N I S 


1 .0  OhjcOivi'  aiui  Pmposo 

1 . 1 Obji'Ctivo  aiul  Purpose  v)!  tlio  I’rojoct 

1 .2  Obji-ctivo  and  Purpose  ol  Ilio  l est  Procedure  and  Data 

2.0  lest  Procedure 

2.1  Scope  and  Itemi/ed  Tests 

2.2  Teriuinology 

2.3  Vehicle  Condition 

2.4  Battery  Condition 

2.5  T'nvironinental  Conditions 
2.b  Instrumentation 

2.7  Data  to  be  Recorded 

2.8  Tests 

2.8.1  Range  at  Steady  Speed 

2.8.2  Range  on  a Driving  Cycle 

2.8.3  Acceleration  on  a Level  Road 

2.8.4  Gradcability  Limit 

2.8.5  Gradcability  at  Speed 

2.8. b  Road  Energy  Consumption 

2.8.7  Vehicle  Energy  Economy 

2.8.8  Braking 

2.8. ‘)  Handling  (OMI  TTED  BY  MERADC'OM) 

NOTE.  This  proceilure  has  been  modified  as  agreed  upon  by  E'RD.A  for  ME'RADCOM 
testing. 


ENERGY  RESEARCH  AND  DEVELOPMENT  ADMINISTRATION 
ELECTRIC  AND  HYBRID  VEHICLE  TEST  AND  EVALUATION  PROCEDURE 

(ERDA-EHV-TEP) 


1 .0  Objective  and  Purpose 

1 .1  Objective  and  Purpose  of  the  Project 

Tlic  test  project  objective  is  to  continually  evaluate  representative  state-of-the-art 
electric  and  hybrid  vehicles,  subsystems,  and  components.  The  test  results  should: 

- Verify,  correct,  and  add  to  the  vehicle  manufacturer's  data  sheets 

— Provide  a common  basis  for  cross  comparison  of  vehicle: 

- design  specifications 

- purchase  specifications 

- technical  papers 

- engineering  decisions 

In  addition,  the  analyzed  data  and  reports  will  be  used  for  ERDA  research  and 
development  program  planning  toward  acceleration  of  component  and  vehicle 
technology. 

1 .2  Objective  and  Purpose  of  the  Test  Procedure  and  Data 

The  test  procedure  objective  is  to  provide  a standard  approach  for  testing  which 
will  allow  performance  characteristics  of  vehicles  and  in  situ  components  to  be  mea- 
sured on  a common  basis  for  cross  comparison.  Vehicle  comparison  is  derived  from 
the  gross  vehicle  perfomiance  characteristics  reduced  to  unitized  form,  such  as  per- 
tormance  per  cycle,  per  ton  mile  or  seat  mile.  Powertrain  perfomiance  projections  are 
derived  from  the  gross  vehicle  perfomiance  and  the  associated  component  and  sub- 
system efficiency  results.  The  total  results  measure  the  vehicle  state-of-the-art  and 
develop  a component,  powertrain,  and  subsystem  infomiation  base  from  which  to  plan 
electric  and  hybrid  vehicle  research  and  development  programs. 

2.0  Test  Procedure 

This  ERDA  test  procedure  uses  and  references  the  Society  of  Automotive  Engi- 
neers Recommended  Practice,  Electric  Vehicle  Test  Procedure  (SAE  J227a).  as  a base 
to  build  a more  detailed  test  procedure.  The  ERDA  Electric  and  Hybrid  Vehicle  Test 
and  Evaluation  Procedure  (ERDA-EHV-TEP)  includes  instrumentation  and  procedures 
to  collect  powertrain,  powertrain  component,  and  braking  data.  The  SAE  J227a  con- 
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ccMitratcs  on  the  attributes  of  the  gross  vehiele  system  reserving  subsystem  and  eom- 
ponent  testing  to  separate  procedures. 

2.1  Scope  and  ltemi/.ed  Tests 

riie  objective,  purpose,  and  scope  of  this  test  procedure  are  detailed  in  Section 

1 .2  of  this  procedure.  The  specific  tests  covered  by  tliis  document  are: 

Range  at  Steady  Speed  (Section  2.8.1) 

Range  on  a Driving  C'ycle  (Section  2.8.2) 

Acceleration  on  a Level  Road  (Section  2.8.3) 

Ciradeability  Limit  (Section  2.8.4) 

- Ciradeability  at  Speed  (Section  2.8.5) 

- Road  Hnergy  C onsumption  (Section  2.8.0) 

— Vehicle  laiergy  Llconomy  (Section  2.8.7) 

Braking  (Section  2.8.8) 

Handling  (Section  2.8.4)  (optional  - not  performed  by  MLRADC'OM) 

2.2  Terminology 

2.2.1  Curb  Weight.  The  total  weight  of  (he  vehicle  including  batteries,  lubricants, 
and  other  expendable  supplies  but  excluding  the  driver,  passengers,  and  other  payloads. 

2.2.2  Drive  Line  Ratio.  Lite  motor  shaft  rpm  divided  by  the  rpm  of  the  traction 
wheels  of  the  vehicle.  (OMITTHD  BY  MHRADC'OM) 

2.2.3  Gradeability.  The  maximum  percent  grade  which  the  vehicle  can  traverse  at  a 
specified  speed.  The  gradeability  limit  is  the  grade  upon  which  the  vehicle  can  just 
move  forward. 

2.2.4  Initial  State  of  Charge  (of  Battery).  Hie  amount  of  energy  stored  in  the 
battery.  When  practical,  the  initial  state  of  charge  should  be  expressed  as  a percent  of 
the  capacity  obtainable  from  a fully  charged  battery  when  discharged  at  a rate  equiva- 
lent to  the  vehicle  maximum  cruise  speed  discharge  rate. 

2.2.5  Projected  Frontal  Area.  I'he  total  frontal  area  of  the  vehicle  obtained  by  pro- 
jecting its  image  on  a vertical  plane  normal  to  its  direction  of  travel. 

2.2.6  Tractive  Force.  I'he  force  available  from  the  driving  wheels  at  the  driving 
wheel  ground  interface. 


2.2.7  Tire  Rolling  Radius.  I’lie  eltcctivc  radius  of  a tire  when  it  is  deformed  by  the 
weiglit  of  the  vehicle  ballasted  to  its  rated  gross  vehicle  weight  tSAl-  Jf>70c), 
OMin  i D BY  MI  R.AIX’OM 

2.2.8  Maximum  Cruise  Speed.  The  highest  vehicle  speed  sustainable  for  at  least  1 
hour  under  specified  environmental  road  test  conditions  starting  with  a fully  charged 
battery  or  such  other  maximum  cruise  speed  as  may  be  recommended  by  the  vehicle 
manufacturer, 

2.2.9  Powertrain,  fhe  energy  storage  components  (batteries,  etc),  power  condition- 
ing controls,  and  propulsion  unit  (electric  rotor,  etc). 

2.2.10  Gru.ss  Vehicle  Weight.  I he  total  weight  of  the  vehicle  including  batteries,  lubri- 
cants. expendable  supplies,  driver,  passengers,  and  other  payload. 

2.2.11  Vehicle  Test  Weight.  I'he  vehicle  test  weight  is  the  vehicle  weight  during 
testing,  including  batteries,  lubricants,  expendable  supplies,  driver,  passengers,  and 
other  payload. 

2.3  Vehicle  Condition. 

llpon  receipt  ot  a vehicle,  it  is  to  be  inspected  for  visible  damage.  Pamage  is  to  be 
photographed  and  reported  immediately  to  the  shipping  company,  to  the  manufacturer, 
and  to  the  I RDA  program  manager.  If  the  vehicle  appears  to  be  m good  condition,  it 
IS  to  be  driven  by  test  personnel  for  familiari/ation  with  its  handling  and  performance 
characterisitics.  Wiring  diagrams  are  to  be  studied,  and  the  propulsion  s\  stem  is  to  be 
inspected  to  detenuine  the  appropriate  locations  for  test  instrument  and  sensor 
locations. 

2.3.1  fhe  vehicle  shall  be  tested  in  its  normal  configuration  with  all  normal 
appendages,  mirrors,  bumpers,  hubcaps,  etc.  fhe  vehicle  shall  be  tested  at  the  manu- 
facturer’s rated  gross  vehicle  w eight, 

2.3.2  I nsure  that  the  front-w  heel  alignment  is  set  to  the  manufacturer’s  specifications, 

2.3.3  Manufacturer’s  recommended  tires  shall  be  used,  l ire  pressures  shall  eviiial  the 
vehicle  manufacturer’s  recommended  values  or  pressures,  fire  tread  shall  not  be  worn 
to  the  point  where  the  tread  wear  indicators  are  exposed. 


2.3.4 


Nonnal  manufacturer’s  recommended  lubricants  shall  be  emploxed. 
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2.3.5  Vi-hicle  chocks  prcliiuinary  to  tost 

2.3.5. 1 Ability  to  fully  chargo  and  oijuali/o  battory  colls. 

2. 3. 5. 2 Draw  tho  ina\iinuin  voliiclo  mamifacturor  allowod  load  curront  but  not  groator 
than  300  aniporos  from  tho  fully  chargod  battorios  into  a load  at  battory  torniinals  for 
5 niinutos  whilo  monitoring  battory  torminal  intorconnoction  tomporaturos.  Moasuro- 
monts  can  bo  mado  with  a hand-hold  tomporaturo  monitor  for  tho  last  2 minutos  or 
with  tomporaturo-sonsitivo  labols.  If  any  torminal  or  intorconnoct  should  ovcood  bO 
dogroos  ('olsius  abovo  ambiont  or  if  any  torminal  tomporaturo  risos  rapidly  abovo  tho 
avorago  of  tho  othors.  tho  tost  shall  bo  torminatod  and  tho  torminal  shall  bo  chockod 
and  ropairod. 

2. 3. 5. 3 Tiro  prossuro  for  possiblo  air  loaks. 

2. 3. 5. 4 .All  lights  for  propor  function. 

2. 3. 5. 5 All  brakes  for  drag,  air  in  hydraulic  linos,  otc. 

2. 3. 5.0  .All  safety  onuipmont  for  proper  function. 

2. 3. 5. 7 Weight  of  tho  vehicle  without  driver  and  tost  oquipmont. 

2.3.5.5  Weight  of  tho  vehicle  with  tho  driver,  all  tho  tost  equipment,  and  ballast 
weight*  to  moot  tho  manufacturer’s  payload  specifications.  I'ho  fifth  wheel  shall  bo  up 
so  it  is  included  as  part  of  tho  tost  equipment  weight. 

2. 3. 5.0  Calibration  of  tho  instrumentation  package  and  rocordoitsf  installed. 

2.3.5.10  Operation  of  tho  vehicle  on  short  sample  road  tests  simulating  all  probable 
tost  conditions.  Chock  out  all  channels  of  tho  instrumentation  package  and  rocordorts). 

2.3.b  rtio  vehicle  shall  bo  stored  at  an  ambiont  tomporaturo  in  tho  range  of  (5  to  32 
dogroos  Colsiusf  40  to  ^0  dogroos  I'.ihronhoit  during  tho  charge  cycle.  Battery  electro- 
lyte tomporaturo  must  bo  below  bO"l  when  tho  tests  begin. 

2.3.7  I'ho  vehicle  track  tests  will  bo  tormiiuitod  when  a vehicle  f.iiluro  I'cciirs  that 
requires  either  (1)  more  than  24  hours  to  repair  or  (2)  tho  repair  results  m modifica- 
tions to  tho  vehicle  that  significantly  change  tho  porform.inco  of  tho  vehicle. 

• OVW  (test  woi};lil)  tn.i\  »ar>  •'  poni'iu  liom  m.imil.ii.tutci's  s|H\tlK-alii'ii5.  Oislribuliv'i)  of  llu-  to<l  loaa  shall 
K-  siK'h  lhal  aonul  vchick'  wcijihl  aislrihiilion  uhtsviii  front  versus  iH-tvYUt  teatl  is  also  svilhin  ' pi'tooni  of  Ihc 
manufaolurot’s  s|H'cifKaUons. 
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2.4  Battery  Condition 


2.4. 1 if  batteries  are  new  or  luve  been  subject  to  extended  storage,  the  batteries  shall 
be  cycled  per  the  manufacturer’s  recommendation  before  starting  tests. 

2.4.2  Full  charge  is  to  be  established  using  manufacturer’s  recommended  charging 
procedure  and  equipment. 

2.4.3  For  tests  (for  example,  gradeability  tests)  requiring  an  X percent  discharged 
battery  at  the  start,  the  required  initial  state-of-chargc  will  be  established  as  follows: 
A Range  at  Steady  State  test  shall  be  performed  at  recommended  maximum  cruise 
speed,  the  end-point  of  range  shall  be  determined  as  defined  in  Section  2.8. 1.2.2,  and 
the  amp  hours  taken  from  the  battery  shall  be  measured.  To  achieve  X percent  dis- 
charge of  a fully  charged  battery,  the  battery  will  be  discharged  by  driving  the  vehicle 
at  recommended  maximum  cruise  speed  or  by  discharging  the  battery  through  a load 
at  an  equivalent  constant  power  until  X percent  of  the  amp  hours  as  determined  above 
are  removed  from  battery.  Tests  conducted  with  the  battery  partially  discharged  at  the 
start  must  be  initiated  no  longer  than  10  minutes  after  the  desired  initial  state-of- 
discharge  is  reached. 

2.4.4  For  tests  in  which  the  effects  of  battery  initial  state-of-charge  are  to  be  investi- 
gated, tests  should  be  conducted  with  the  propulsion  batteries  at  0 percent,  40  percent, 
and  80  percent  discharged. 

2.4.5  Capacity  and  Quality  Verification.  The  battery  shall  be  discharged  at  the  3- 
hour  or  other  manufacturer’s  published  rate  (to  1.7  volts/cell  specific  gravity  l.lb0  + 
.01  tor  lead  acid).  The  capacity  shall  be  within  20  percent  of  the  manufacturer's 
capacity  at  the  published  rate  to  pass  this  test.  A second  cycle  shall  be  run  to  verify 
the  battery’s  quality. 

2.4. Before  each  vehicle  test  cycle  (unless  otherwise  specified),  lead/acid  batteries 
shall  be  fully  charged  and  equalized.  If  the  specific  gravity  of  any  cell  is  lO  points 
below  the  battery  manufacturer’s  specification  for  full  charge,  the  cell  shall  be  checked 
and  replaced  if  necessary. 

2.5  Environmental  Conditions 

2.5. 1 Ambient  temperature  during  road  testing  shall  be  in  the  range  of  5 degrees  to 
32  degrees  C (40  degrees  to  40  degrees  F),  except  short  tests  may  be  conducted 
wherein  the  average  temperature  of  the  vehicle  chassis  and  powertrain  does  not  exceed 
the  prescribed  temperature  limits. 
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2.5.J  Ko.iil  losls  .110  li>  I'o  porloimoil  iin  .1  id.uI  whioh  is  lovol  lo  widim  ‘ 1 pouont 
.iiul  li.is  .1  li.iiil,  diy  suil.ioo.  losts  sh.ill  I’o  run  in  nppuMlo  ilnoolunis  wlion  llios  .110 
poilorinoil  on  .1  lo.ul  tosi  ronlo.  I ho  iliroolion  ol  Ir.ivol  nooil  not  l>o  lovoisoil  wlion 
opoi.itinn  on  .1  v losoil  lost  lr;iok. 

riio  looiiiiloil  wnul  spooil  .it  llio  tost  mIo  iliinng  lost  sli.ill  not  ovoooil  l(>  kin  li 
1 11)  nipli),  p,iislN  shall  not  oxoooil  24  kin  h 1 1 5 inph). 

2.(1  liisiriinionlalioii 

2.h.l  lost  Instruniriilatinn.  This  sootiini  provulos  .1  list  of  inslMiinonlalion  ioi|inioil 
to  poilorin  tho  losls  spooil'ioft  in  this  piaioovhiio.  I lio  ovoi.ill  orior  in  roooiihnp.  01  null- 
oalini?  inslniinonls  shall  ho  no  worso  than  '2  pciooni  of  tho  nia\nnnin  v.ihio  of  tho 
vaiiahio  to  ho  nioasiiioil  (not  inohniin.o  loailiii).'.  ornirs).  IVrioilio  oalihration  shall  ho 
poilorinoil  .iiul  ilooninonloil  lo  nisnio  ooniph.inoo  with  this  iO(|iinonioni 

2.h.2  (Icin'ral  Instniinoiitalinn.  I'lio  followini.’.  ol.issos  of  iiisiiinnonls  .110  lotinnoil  lor 
tho  pnrposo  ot  losls  onihnoil  in  this  proooihiro: 

w. Ill  hour  niolor  or  vv.ill  Inno  rooonlor 
n.C.  w.ill  hour  niolor  or  wall-liino  rooonlor 
nisl.inoo  vorsus-Inno  rooorilor 
l iro  prossuro  p,.iU}:o 

IVrioilio  anihioni  lomporaliiro  nioasuroinonls  ilnrinn  losls 
D.l'.  wall  niolor  (oaloul.ilion  is  option) 

Ih.lloiN  loinpor.iluio  nulioalor 
IfatloiA  voltay.o  vorsus  liino 
Hal  lory  ourroni  vorsus  liino 

Molor  sh.ifl  spooil  vorsus  Inno  or  vohiolo  spooil  (OMI T'l'l  l)) 

Molin  ininil  ourroni  vorsus  liino 
Molor  inpnl  voll.i>;o  vorsus  Inno 
Slopw.iloh 

A snilahlo  niullioh.ninol  rooorilni)>.  sysloni 
A fiflh  whool 

2.7  Data  In  In*  Rooortlorl 

2.7.1  (lonoral 


2.7.1  I M.nuif.ioluror’s  spooifioalion  shoot  ilala. 


1J.\.2  Vehicle  iileiitirieation. 


V 


J.7.I..?  l)\eriill  maximuni  dimension  (ineludinj:  projected  frontal  area). 

J.7.1.4  Weiuhl:  eurh  weight  and  test  weight  to  within  ±2  percent. 

:.7.I..S  Mattery : 

Mamifaetnrer 

Type  and  normal  rating  at  specified  discharge  rate 

I’revious  history  of  the  battery  including  chronological  age.  number,  and  nature 
of  charge-discharge  cycles,  serial  numbers. 

Slate  of  initial  charge  using  the  definition  of  percent  charge  presented  in  Sec- 
tions J .4..)  and  2.4.4.  Where  meaningful,  other  parameters  such  as  open  circuit  voltage 
and  electrolyte  specific  gravity  shall  also  be  staled. 

Watt-hours  consumed  during  lest 

Power  consumed  during  lest 

I emperalure  at  the  start  and  the  end  of  the  lest  (either  within  the  electrolyte 
or  at  the  cell  terminal,  as  appropriate). 

Recharge  energy 

Recharge  amp-hours 

Recharge  time 

2. 7. 1,0  Motor  type  and  rating. 

2.7.1  7 Overall  drive  train  ratio(s)  available  and  those  used  during  test,  plus  vehicle 
manufacturer's  recommended  shift  points  of  manual  transmission. 

2. 7. 1.8  I ires:  manufacturer,  design,  si/e.  rolling  radius  measured  at  OVW.  and  the 
pressure  at  the  start  and  the  end  of  the  lest. 

2.7.1.‘>  Power  consui\iplion  of  individual  accessories,  either  measured  or  as  specified 
by  vehicle  manufaeturer.  and  times  when  each  accessory  was  on  during  the  lest. 
(OMiniD) 

(4) 


I 


il 


i 


2.7.1.10  l nvironnu'nt;il  coiuiitioiis: 

Range  of  llio  aiiihienl  temperature  liuring  test 
Range  of  the  \s  iml  velocities  during  test 
Range  of  the  wiml  ilirection  during  test 
Presence  of  any  precipitation  during  test 
Mean  test  site  altitude  relative  to  sea  level 

2.7. 1.11  Running  surface. 

2.7.1.12  Description  of  test  route;  road  class,  road  surface  type,  and  condition 
(Table  of  S.M-  Jb8S)  and  the  lengths  and  grades  of  the  test  route. 

2.7.1 .13  Date  and  the  starting  and  ending  times  ol  test. 

2.7.1.14  l ist  of  all  instruments  used  in  the  test  (manufacturer,  model  number,  serial 
number)  and  their  last  calibration  date. 

2.7.1.1.S  Any  deviation  from  the  test  procedure  and  the  reason  for  the  deviation. 

2.7.2  Road  Tests 

2.7.2. 1 Data  shall  be  recorded  and  averaged  for  tests  in  opposite  directions  when  tests 
are  run  on  a road  test  route.  I'he  data  reporteil  shall  be  the  average  of  at  least  two  test 
runs  one  in  each  direction.  The  range  of  the  test  results  and  the  number  of  test 
runs  also  shall  be  reported. 

2. 7. 2. 2 Data  shall  be  recorded  and  averaged  and  reported  from  two  test  runs  in 
opposite  directions  on  the  test  route  for  power  and  energy  transferred  through  the 
powertrain  ami  through  each  of  the  components  of  the  powertrain. 

2. 7. 2. 3 Recharge  energy  into  the  battery  charger  and  into  the  battery  shall  be 
recordeil,  averaged,  ami  reported  for  the  two  tests  per  cycle  described  in  2. 7. 2. 2. 

2. 7. 2.4  Battery  voltage  and  current  (power  and  energy)  and  the  motor  voltage  and 
current  shall  be  recorded  and  repeat  test  runs  averaged  and  reported  as  specifieil  under 
the  respective  tests. 

2J.2.5  Perform  the  following  checks  prior  to  each  day  of  testing: 

2.7.2..S.1  I nsure  that  all  Iluid  levels  are  as  specified  in  the  vehicle  manufacturer’s  log 

book:  Battery „ Brake  Automatic  Iransmission  Power 

Steering ______  Other 

M 


f. 

/ 


' 1. 2. > 2 riu’vk  .ill  I’liMiii.il  i oiiiu'i  lioiiN  U)t  |>li>sK.il  tijjlitncss  and  ovidcncx  ol 

MinniMg  hot 

2J.2.f>  Inspi’il  (nos  toi  d.nii.i^'t  iikI 

2.7.'  5 4 Ivmiuo  .ill  ssliool  liii:  mils  lo  soliulo  iii.imil.u liirii's  toiominoiulfd  values. 

2.7.2.. ^  > Sol  liio  piossiiios  .iiul  lovoiil  piossinos  on  dat.i  shoots 

2.7.2. >  ('  I nsuro  ih.il  (ho  tilth  sshool  liio  piossiiio  moots  m.imil.ioliiror's  rooiunmonila- 
tions. 

2.7.2  5 7 Install  lapo  in  ronudor  aiul  ron»rd  rool  nuini'or  aiul  tr.ioks  usod  on  ilata  shoot. 

2.7.2.. ^.S  Kooord  msiniinont.ilion  oh.innol  idonliiios 

2.7.2.5.‘>  Koooid  drisoi  and  »>hsorvor  ulonlitios  NNoitih  (ho  tost  vohiolo  and  record 
woijiht 

2.7  2.5  10  Record  wind  diroction,  wind  speed,  and  amhiont  tomporaturo.  (Do  not 
undortako  tostin>:  it  wiiul  speeds  are  greater  than  10  niph  or  it  (tusts  exceed  15  niph.) 
Record  wind  direction,  velocity,  and  ambient  temperature  midway  throuiih  the  test 
I'enoil  .iiul  at  the  end  ol  the  test  i>eriod. 

2.1 .2.5. 1 I W.irm  up  and  stahili/e  the  electronics  betore  bettinnin)j  tests. 

2.7.2.5.12  Obtari  |>rete.st  zeros  and  electrical  step  calibrations.  Repeat  at  the  comide- 
tion  of  a series  ol  tests  or  at  the  eml  ol  a test  day. 

2.1. 2. (1  IVrlorm  the  tollowiiif:  checks  prior  lo  each  lest  . 

2.7.2. (>.  I I nsure  that  the  proper  or  .suiricienl  amount  of  charge  is  in  the  battery. 

2. 7. 2.0. 2. I nsuro  that  there  is  sufficient  tape  in  the  recorder. 

2.7.2.iv..<  Record  run  to  be  made,  direction,  and  course  on  the  ilata  slieet. 

2.7.2.l>.4  tlther  pertinent  checks  anil  facts  about  the  lest. 

2.8  Tests 


2.8.1  Kange  at  Steady  Speed 


2.8. 1.1  Purpose  of  Test.  Vlic  purpose  of  this  test  is  to  determine  tlie  maximum  range 
an  eleetric  road  vehiele  can  aehieve  on  a level  road  at  a steady  speed. 

2. 8. 1.2  Test  Procedure.  These  road  tests  are  to  he  conducted  subject  to  the  test  con- 
ditions and  data  requirements  described  in  Sections  2.3  through  2.7.  Individual  tests 
shall  be  started  with  the  vehicle  propulsion  battery  in  a full  state  of  charge. 

2.8. 1.2.1  Road  Tests.  The  vehicle  shall  be  operated  in  a normal  manner  and  be 
accelerated  under  its  own  power  to  the  preselected  test  speed.  The  range  tests  shall  be 
continued  without  interruption  at  the  preselected  speed  which  is  to  be  maintained  to 
within  ±5  percent  until  the  vehicle  reaches  its  end  of  range  as  defined  in  Section 
2. 8. 1.2. 3.  The  vehicle  range  shall  be  detennined  as  the  average  of  two  tests  made 
around  a closed  test  track  or  in  opposite  directions  over  a road  test  route.  The  steady 
speed  reported  is  to  be  the  average  speed  maintained  over  the  distance  traveled. 

2.8. 1.2. 2 Selection  of  Test  Speeds.  The  test  speed  selection  depends  on  the  top  speed 
capability  of  the  vehicle.  The  test  speeds  to  be  used  are  specified  below  in  charted 
form.  The  2.3  mph  (40  km/h)  base  speed  agrees  with  a commonly  used  foreign 
reference  speed  while  45  and  55  mph  correlate  with  expressway  speed  limits.  In  addi- 
tion. the  range  at  the  manufacturer’s  recommended  top  speed  is  to  be  detennined.  If  a 
manufacturer's  recommendation  is  not  available,  the  top  speed  will  be  defined  as  45 
percent  of  the  minimum  speed  of  the  vehicle  when  driven  arouml  the  test  track  at 
wide-open  throttle. 


Vehicle 

l est  Speeds  for  Selection 

m)>h 

(km/h) 

25 

(40) 

35 

(5b) 

45 

(72) 

55 

(88) 

Manufacturer's  Recommended  l op 
Speed  or  fop  Speed  as  determined  in 
2. 8. 1.2. 2 


Vehicle  Top-Speed  C apability  (mph) 
0-34  40-44  50-54  bO  & Over 

XXX  X 

X X 

X 

X 


XXX 


X 


2. 8. 1.2. 3  Definition  of  End  of  Range.  I'he  end  of  the  driving  range  is  reachcil  when 
the  vehicle  speeil  falls  below  45  percent  of  the  initially  programmed  steady  speed  or 
when  such  other  vehicle  performance  limitation  is  reached  as  may  be  specified  by  the 
vehicle  manufacturer.  I'or  example,  if  continuing  the  range  test  might  result  m 
deleterious  operation  of  the  battery,  the  vehicle  manufacturer  may  relate  the  eml  of 
ilriving  to  some  characteristic  t)f  the  batters’  such  as  terminal  voltage  under  load. 


2. 8. 1. 3  Special  Data  Recording.  In  addition  to  recording  the  data  specified  in  Section 
2.7.  the  following  special  data  shall  be  reported. 

2. 8. 1.3.1  The  test  data  shall  he  tabulated  and  also  plotted  as  a curve  showing  range  as 
a function  of  vehicle  speed.  The  actual  test  points  shall  be  indicated  on  this  curve. 

2.8. 1.3. 2 The  battery  voltage  and  current  (power  and  energy)  and  the  motor  voltage 
and  current  shall  be  tabulated  at  the  first  half-mile  point  and  at  a point  one-half  mile 
from  the  end  of  range. 

2.8. 1.3.3  The  factor(s)  involved  in  determining  the  end  of  range  as  defined  in  Section 

2.8. 1 .2.3  shall  be  reported. 

2.8.2  Range  on  a Driving  Cycle 

2.8.2. 1 Purpose  of  Test.  I'he  purpose  of  this  test  is  to  determine  the  maximum  range 
traveled  and  the  energy  consumed  by  a test  vehicle  when  operated  on  a level  surface 
in  a definite,  repeatable  driving  cycle.  The  driving  cycles  defined  in  this  procedure  are 
not  necessarily  intended  to  simulate  a particular  vehicle  use  pattern.  Rather,  it  is  the 
intent  of  this  section  to  provide  standard  procedures  for  testing  electric  road  vehicles 
.so  that  their  performance  can  be  cross  compared  when  operated  over  a fixeil  driving 
pattern. 


2. 8. 2. 2  Definition  of  Test  Cycles.  I'hree  test  cycles  are  defined  and  shown  to  allow 
the  vehicle  to  be  tested  under  conditions  which  best  match  its  intended  use.  I he  three 
test  cycles  all  have  the  characteristics  shown  in  f igure  A 1 


where : 


V 

t. 


t 

1 


r 


= vehicle  cruise  speed  km/h(mph) 
= acceleration  time  s. 

= cruise  time  at  speed  V s. 

= coast  time  s. 

= braking  time  to  zero  speed  s. 

= idle  time  at  zero  speed  s. 

= total  cycle  time  s. 


Values  for  the  parameters  ol  the  three  test  cycles  are  presented  in  fable  A 1 . 


2. 8. 2. 2.1  Driving  Schedule  B.  .Scheilule  B is  characterizeil  Iw  a cruise  speeil  of  32 
km/h  (20  mph)  and  is  intended  for  use  in  testing  a vehicle  designed  for  use  on  a fixed 


(i4 


Time,  (s) 

NOTE:  The  shaded  band  paths  indicate  that  the  velocity  profile  is  tolerant  but  the  time  base  is  care 
fully  stated  as  shown  in  Table  A1 . 

Figure  Al . Vehicle  Test  Cycle,  SAE-J227a. 


Table  Al . Test  Schedule  for  Repeatable  Driving  Pattern,  SAE-J227a 


Schedule 

B 

C 

D 

V 

32  ± 1.5  km/h 

48  ± 1.5  km/h 

72  ± 1.5  km/h 

(20  ± 1 mph) 

(30  ± 1 mph) 

(45  ± 1 mph) 

‘a 

19  ± 1 

18  ± 2 

28  ± 2 

‘cr 

19  ± 1 

20  ± 1 

50  ± 2 

‘co 

4 ± 1 

8.±  1 

10  ± 1 

‘b 

5 ± 1 

9 ± 1 

9 ± 1 

*i 

25  ± 2 

25  ± 2 

25  + 2 

T 

72  ± 3 

80  ± 3 

122  i 4 

NOTr : All  limes  shown  arc  in  seconds. 

i, 

L| 

|l 

L 


route  with  luediuiu  frequency,  stop-and-go  operation  (for  example,  bakery  truck, 
shuttle  bus,  postal  delivery  van). 

2.8.2.2.2  Driving  Schedule  C.  Schedule  C is  characterized  by  a cruise  speed  of  4S 
kin/h  t30  mph)  and  is  intended  for  use  in  testing  a vehicle  designed  to  be  used  over  a 
variable  route  with  medium  frequency,  stop-and-go  operation  (for  example,  parcel  post 
delivery  van,  retail  store  delivery  truck). 

2.8. 2. 2.3  Driving  Schedule  D.  Schedule  1)  is  characterized  by  a cruise  speed  of  72 
km/h  (45  mph)  and  is  intended  for  use  in  testing  a vehicle  designed  to  be  used  over  a 
variable  route  in  sto|vand-go  driving  typical  of  suburban  areas  (for  example,  commuter 
car). 

2.8. 2. 2.4  Selection  of  Test  Cycles.  The  test  cycles  to  be  selected  depend  on  the 
acceleration  and  top  speed  capabilities  ot  the  vehicle.  1 he  cycles  for  selection  are 
charted  below; 


SAC,  J277  a Test  Schedules 

B (20  mph) 

C (30  mph) 

D (45  mph)* 


0-34 

X 

\ 


Vehicle  Top  Speed  (mph) 

40-44  50-54  (lO  & Over 

X X X 

X (X)**  (X)** 

X X 


2. 8. 2.3  Test  Procedures,  fhe  road  tests  defined  in  this  procedure  are  to  be  conducted 
subject  to  the  test  conditions  and  data  requirements  of  Sections  2.3  through  2.7.  The 
tests  are  to  be  started  with  the  battery  lully  charged  using  the  vehicle  ntanufaeturer’s 
standard  procedures. 


2.8.2.3.I  Road  Tests.  The  test  vehicle  shall  be  operated  repeatedly  and  without 
interruption  over  the  .selected  driving  schedule  on  a legal  road  or  test  track  until  it 
reaches  its  end  of  range  as  defined  in  Section  2. 8. 2. 3. 2.  The  vehicle  range  shall  be 
determined  as  the  average  of  at  least  two  tests  made  around  a closed  test  track  or  in 
opposite  directions  over  a road  test  route.  The  steady  speed  reported  is  to  be  the 
distance  traveled  divided  by  the  total  elapsed  lime. 


• All  delivery-type  vehicle*  will  he  tested  to  the  cycle  even  thouch  the  top  speed  evceeds  .SO  ii.ph. 

**  To  be  tested  to  "11"  schedule  if  vehicle  meets  acceleration  requirements:  if  not.  the  vehicle  will  be  tested  to  "C'" 
schedule. 


bb 


2.8. 2.3. 2  End  of  Range.  The  end  of  the  driving  range  is  defined  as  the  end  of  the 
driving  eyele  immediately  preceding  the  cycle  in  which  the  vehicle  either  ceases  to 
meet  the  requirements  of  the  selected  driving  schedule  or  reaches  some  other  vehicle 
performance  limitation  specified  by  the  vehicle  manufacturer.  For  example,  if  con- 
tinuing the  test  might  result  in  deleterious  operation  of  the  battery,  the  vehicle  manu- 
facturer may  relate  the  end  of  range  to  some  battery  characteristic  sucli  as  its  voltage 
under  load. 

2.8.2.4  Special  Data  Recording.  In  addition  to  recording  the  data  specified  in  Section 
2.7,  the  following  special  data  shall  be  reported; 

2. 8. 2.4.1  The  range  achieved,  the  number  of  test  cycles  successfully  completed,  and 
the  test  schedule  used  shall  be  recorded  for  each  range  achieved  over  at  least  two  tests. 
The  number  of  tests  and  the  spread  of  the  data  also  shall  be  reported. 

2. 8. 2.4. 2 The  battery  voltage  and  current  (power  and  energy)  and  the  motor  voltage 
and  current  shall  be  tabulated  and  also  plotted  as  a function  of  time  and  speed  for  the 
third  cycle  and  the  last  complete  cycle  of  these  tests. 

2.8. 2.4. 3 The  factor(s)  used  to  define  the  end  of  range  in  Section  2. 8.2.3. 2 shall  be 
identified  and  reported. 

2.8.3  Acceleration  on  a Level  Road 

2.8.3. 1 Purpose  of  Test.  The  purpose  of  this  test  is  to  determine  the  maximum 
acceleration  the  vehicle  can  achieve  on  a level  road  with  the  propulsion  battery  at 
various  initial  states-of-charge. 

2.8.3. 2 Test  Procedure.  The  road  tests  defined  in  this  section  are  to  be  conducted  sub- 
iect  to  the  test  conditions,  instrumentation,  and  data  recording  requirements  of 
Sections  2.3  through  2.7. 

2.8.3 .3  Road  Test  Procedure 

2.8.3.3.1  A suitable,  straight,  paved  test  route  shall  be  selected  upon  which  the  vehicle 
can  be  safely  accelerated  to  speeds  near  its  peak  speed. 

2.8.3. 3. 2 The  test  vehicle  is  to  be  accelerated  from  a standing  start  at  its  maximum 
attainable,  or  permissible,  acceleration  rate  until  either  the  vehicle’s  peak  speed  is 
reached  or  until  a safe-limit  speed  is  attained. 


2. 8.3. 3. 3 At  least  two  successive  runs  shall  be  made  in  opposite  directions  over  the  test 
course  to  establish  the  vehicle’s  maximum  acceleration  characteristics  at  each  of  the 
three  battery  states-of-charge  specified  in  Section  2.4.  The  time  interval  from  the  end 
of  one  acceleration  run  to  the  beginning  of  the  next  successive  acceleration  run  at  each 
battery  state-of-charge  shall  not  exceed  .*>  minutes. 

2.8.3.3.4  Special  Data  Recording.  In  addition  to  recording  the  data  specified  in  Sec- 
tion 2.7,  the  following  special  data  shall  be  reported; 

2. 8. 3. 3.4. 1 The  vehicle’s  acceleration  characteristics  shall  be  tabulated  and  also  plotted 
as  speed  versus  time  for  each  of  the  initial  states-of-charge.  The  data  to  be  tabulated 
and  plotted  shall  be  the  average  results  of  two  runs  for  that  initial  state-of-charge 
(Figure  A2). 

2. 8.3. 3.4. 2 The  battery  current  and  the  motor  current  shall  be  tabulated  and  also 
plotted  as  a function  of  time  and  of  speed  for  the  acceleration  characteristics. 


Figure  A2.  Acceleration  characteristics. 


2.8.4  Gradeability  Limit 

2.8.4. 1 Purpose  of  Test.  Tlie  purpose  of  this  test  is  to  determine  the  maximum  grade 
on  which  the  test  vehicle  can  just  move  forward. 

2.8.4. 2 Test  Procedure.  Direct  meaiiurenieiit  of  the  gradeability  limit  on  steep  test 
grades  generally  is  impractical.  Therefore,  the  gradeability  limit  is  to  be  calculated 


from  the  gross  vehicle  test  weiglit  and  the  measured  tractive  force  delivered  hy  the 
vehicle  at  a speed  near  zero. 


2.8.4. 2. 1 The  tractive  force  shall  be  measured  on  a suitable  horizontal  surface  and  is 
the  maximum  force  wkich  can  be  maintained  by  the  vehicle  propulsion  system  for  a 
period  of  20  s while  moving  the  vehicle  at  a minimum  speed  of  l.b  km'h  ( 1 mphl. 

2. 8. 4. 2. 2 The  tractive  force  shall  be  detennined  for  various  battery  states-of-charge 
where  the  latter  are  detined  in  Section  2.4  and  at  selected  transmi.s.sion  gear  ratio. 


2.8.4.2.d  Because  the  high-rate  discharge  capability  of  batteries  is  time  dependent,  two 
tractive-force  tests  are  to  be  made  for  each  battery  state-of-i.harge.  I'he  lower  of  the 
two  tractivc-lorce  measurements  shall  be  used  to  determine  the  gradeabiliiv  limit. 


2. 8.4.3  Calculation  of  Gradeability  Limit.  The  percent  gradeability  limit  is  to  be 
determined  using  the  following  relationship: 


Percent  Gradeability  I imit  = 100  tan  sin'*  ^ 

where:  P = measured  traction  force  - kgtlbl 

\V  = manufacturer's  rated  gross  vehicle  weight  kgcibl 


2.8.4.4  Special  Data  Kei|uirenieiits.  The  procedures  just  defined  establish  the 
gradeability  limit  of  the  test  vehicle  as  a function  of  the  batterx  state-of-v  harge.  If  the 
traction  force  is  limited  by  slippage  between  the  vehicle’s  drive  wheels  and  the  road 
surface,  this  fact  should  be  recorded. 


2.S.4..S  rtie  battery  voltage  and  current  (power)  and  the  motor  voltage  and  current 
.shall  be  tabulated  with  the  gradeability  limit. 

2.8.5  Gradeability  at  Speeil 

2.8.5. 1 Purpivse  of  Test.  I'he  purpo.se  of  this  test  is  to  determine  the  maximum  vehicle 
speed  which  can  be  maintained  on  roads  having  different  grades.  I'he  effect  of  batters 
state-of-iharge  on  the  vehicle  capability  is  to  be  brought  out  in  these  tests.  .Vn  analyti- 
cal method  using  data  collected  in  Section  2.S..t,  “,\cceleratioii  on  a level  Road,"  is 
ilescribed. 


2.8. 5. 2  .\nalytical  Method.  Using  the  speed-time  data  from  the  road  tests  of  Section 
2.8..T.',  the  sehicle's  acceleration  characteristics  shall  be  plotted  as  in  1 igiiiv  for 
each  state-of-vharge.  Data  for  successive  time  intervals  then  are  to  be  used  to  deter- 
mine the  vehicle's  average  acceleration  during  the  nth  tune  interval 


when  the  vehicle  has  reached  the  average  speed: 


V + V , 

n n - 1 


Xi  Discharge 


Time,  Seconds 

Figure  A3.  Vehicle  speed  versus  time  during  acceleration. 


riie  data  derived  froin  these  calculations  shall  be  tabulated  and  also  plotted  as  average 
acceleration  versus  veliicle  speed,  and  a smooth  curve  sliall  be  drawn  tlirough  the  cal- 
culated points  for  eacli  state-of-charge  as  shown  in  l-igure  A4.  If  the  test  vehicle  is 
equipped  with  a recording  accelerometer  as  well  as  speedometer  during  the  test  of 
Section  2. 8. 3. 3.  the  information  of  Figure  A4  is  obtained  direetly-and  can  be  plotted 
as  illustrated.  The  percent  grade  the  vehicle  is  able  to  traverse  at  any  .selected  speed  is 
now  to  be  calculated  using  the  following  relationship: 

Percent  (iradeability  at  Speed  = 100  tan  (sin''  0.028.‘ia) 

where  a = vehicle  acceleration  at  the  selected  speed  km/h.s  (mph/s). 

riie  constant  0.028.“'  in  this  equation  becomes  O.OT.S.S  when  the  vehicle’s  acceleration 
is  determined  in  I nglish  units  of  mph/s. 
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Figure  A4.  Vehicle  niaximiuu  acceleration  veitius  vehicle  speed. 

2. 8. 5. 3 Special  Data  Recording 

2. 8. 5. 3. 1 The  calculated  percent  gradeability  of  the  vehicle  shall  he  recorded  for  each 
test  speed  and  for  the  three  battery  initial  states-of-charge  specified  in  Section  2.4.4. 

2. 8. 5. 3. 2 The  battery  voltage  and  current  (power)  and  the  motor  voltage  and  current 
shall  be  tabulated  and  also  plotted  in  correspondence  with  the  gradeability  at  speed. 

2.8.6  Road  Energy  Consumption 

2.8.6. 1 Purpose  of  Test.  The  purpose  of  this  procedure  is  to  determine  the  power  and 
energy  consumed  at  varying  vehicle  speeds  to  overcome  aerodynamic  drag  and  rolling 
resistance. 

2. 8.6. 2 Test  Procedure.  Vehicle  road  power  and  energy  consumption  at  various  steadv 
speeds  are  to  be  determined  from  a coastilown  test  which  shall  be  peribnned  in  the 
following  way: 

2.8.lv2.1  Accelerate  the  test  vehicle  under  its  own  power  on  a level  road  or  test  track 
to  its  maximum  safe  speed. 

2. 8. (>.2. 2 Disconnect  the  drive  motods)  where  possible  and  allow  the  vehicle  to  coast 
freely  to  zero  speed  w hile  recording  vehicle  speed  versus  time. 
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2. 8.(1. 2. 3 Ropv'at  tlu*  coast-down  test  at  least  three  times  in  opposite  directions  over 
the  roail  or  track  to  compensate  lor  the  effects  of  wind  and  graile.  Record  wind  direc- 
tion and  magnitude  and  grade  direction  and  magnitude  for  each  run. 


2. 8. (1.2.4  During  the  coast-down  tests,  the  powertrain  loads  which  are  coupled  to  the 
wheels  shall  be  minimi/.ed  or  removed.  If  the  vehicle  has  a transmission,  then  the 
motor  shall  be  isolated  from  the  drive  line  by  placing  it  in  neutral.  If  the  motor  cannot 
be  mechanically  isolated,*  then  both  the  armature  and  field  of  the  motor  shall  be  elec- 
trically open  circuited.  A correction  factor  described  in  paragraph  2. 8. (i. 4.1  shall  be 
used  to  compensate  for  tho.se  powertrain  loads  which  cannot  be  removed  easily. 


2. 8 .6. 3 Data  to  be  Recorded 


2. 8. (1.3.1  The  speed  or  deceleration  of  the  vehicle  shall  be  recorded  as  a function  of 
time  during  the  coast-down  tests. 


2.8.(i.3.2  In  addition  to  the  general  information  to  be  recorded,  which  is  specified  in 
Section  2.7,  any  special  modifications  to  the  vehicle  which  were  made  to  minimize 
powertrain  loads  during  the  coast-down  tests  as  described  in  the  previous  paragraph 
shall  be  recorded. 


2.8.6.4  Data  Reduction.  The  vehicle  speed  versus  time  data  obtained  during  the  coast- 
down  tests  shall  be  processed  to  establish  an  average  coast-down  characteristic  for  the 
test  vehicle.  This  characteristic  data  shall  be  tabulated  and  also  plotted  as  shown  in 
Figure  A5. 


2.8.6 .4.1  Vehicle  Road  Load  Power.  The  vehicle  propulsion  power  required  to  over- 
come aerodynamic  and  rolling  resistance  is  to  be  determined  from  Figure  AS.  F'rom 
this  curve,  determine  the  vehicle  speed,  which  occurs  at  successive  intervals  of 
time.  tjj.  The  power  required.  1’^^.  to  propel  the  vehicle  at  the  average  speed 


V = 

n 


V -r  V , 

n n-1 


then  .shall  be  determined  from  the  following  relationship: 


P„  = 3.8(1  X 10-*  W KW 


(V  -IV) 

n n 


• Motor  windage,  hearing  lowes,  etc.  are  to  be  determined  with  the  help  of  the  vehiele  maniifacturi.r. 
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Figure  A.S.  Vehicle  speed  versus  lime  during  coasting. 

wlicrc;  W=  CIioss  Vehicle  Test  Weight,  kg 
V = Vehicle  Speed,  kin/li 
t = I'inie.  s 

I'he  above  equation  yields  the  road  load  power  in  horsepower  when  the  constant  in  the 
equation  equals  (>.()S  x lO'**  and  vehicle  weight  is  in  pounds,  speed  is  in  miles  per  hour, 
and  time  is  in  seconds. 

The  calculated  power  dissipated  at  each  c.dculated  average  value  ot  road  speed  shall  be 
plotted  as  illustrated  in  i'igure  Ab. 

2,8.6.4.2  Vehicle  Road  Energy.  I'he  road  energy  consumed  per  kilometer  in  pro- 
pelling the  vehicle  at  steady  speed  also  can  be  determined  from  the  coast-down 
characteristics  previously  plotted  as  I'igure  A.*!. 

Again,  using  the  veliicle  speed.  V^^.  at  successive  time  intervals,  t,,,  the  road  energy 
consumed  at  the  average  speed 


7.^ 


wliero:  W = (iross  Vehicle  Test  Weiglit,  kg 

V = Vehicle  speed,  km/li 
t = I'iiue.s 


Ihe  above  eipiation  yields  the  energy  consumption  per  unit  distance  in  kilowatt  hours 
per  mile  when  the  constant  in  the  equation  equals  9.07  lO"'  and  the  vehicle  weight  is 
in  pounds,  speed  is  in  miles  per  hour,  and  time  is  in  seconds. 

I he  calculated  road  energy  consumption  per  kilometer  of  travel  for  each  calculated 
average  value  of  road  speed  shall  be  tabulated  and  also  plotted  as  illustrated  in 
Figure  A 7. 

2.8.6.4.3  Alternate  Procedures.  The  equations  of  paragraphs  2. 8.0.4. 1 and  2. 8. 0.4. 2 
use  speed  changes  over  tixed  time  intervals  to  determine  an  average  deceleration  rate. 
Ihe  calculations,  theretore.  yield  the  average  values  of  energy  aiul  power  dissipated 
during  each  selecteil  time  interval.  1 he  average  dissipated  energy  and  power,  therefore, 
were  plotted  in  Figure  AO  and  Figure  A7  against  the  average  speed  for  each  successive 
time  interval.  It  instantaneous  values  ot  vehicle  acceleration  are  available  from  instru- 
ments which  record  acceleration  directly,  then  instantaneous  values  of  dissipated 
energy  and  power  can  be  determined  using  appropriate  equations  to  produce  the  rela- 
tionships illustrated  in  these  figures. 

2.8.6.4.4  Corrections  for  Powertrain  Loads.  I'he  values  determined  using  this  pro- 
cedure are  to  be  the  energy  and  power  di.ssipated  external  to  the  vehicle  by  aerody- 
namic drag  and  rolling  losses.  Corrections,  therefore,  must  be  made  to  the  values  of 
energy  and  power  determined  in  paragraphs  2. 8.0.4. 1 and  2. 8. 0.4. 2 to  compensate  for 
those  powertrain  loads  which  could  not  be  eliminated  during  the  coast-vlown  tests. 
Specilically.  the  windage  and  friction  losses  in  the  motor  and  driveline  may  be  signifi- 
cant it  they  cannot  be  decoupled.  In  this  case,  data  describing  the  windage  and  friction 
losses  ot  each  component  are  to  be  obtained  from  the  component  manufacturer,  dear 
ratios  in  the  driveline  then  are  to  be  used  to  relate  component  speeds  to  vehicle  speed 
and  the  energy  and  power  dissipated  m the  driveline  established  as  a function  of  vehicle 
speed.  I hese  data  can  be  useil  to  correct  values  ot  roail  energ)'  and  power  previousl.v 
obtained,  and  the  corrected  energy  and  power  curves  can  be  plotted  in  a manner 
similar  to  Figures  Ab  and  A7. 
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2.8.7  Vehicle  Energy  Economy. 


2.8.7. 1  Purpose  of  Test.  I'hc  purpose  of  this  test  is  to  ilcfinc  a measure  of  tlie  overall 
energy  economy  of  an  electric  vehicle  and  to  define  procedures  for  its  evaluation. 


2.8. 7. 2  Definition  of  Energy  Economy.  Energy  usage  involves  the  process  of  charging 
the  battery  as  well  as  the  consumption  of  this  stored  energy  for  vehicle  propulsion. 
Because  the  vehicle  user  pays  for  charging  energy,  vehicle  energy  economy  is  here 
detined  as  the  vehicle  range  in  various  operating  modes  divided  into  the  AC’  energy 
required  to  return  the  battery  to  its  original  state-of-charge.  I'he  vehicle  etiergy 
economy,  therefore,  is  defined  as  follows: 


Vehicle  Energy  Elconomy  = ■'echarge  battery 

Range  in  prescribeil  ilriving  mode 


/ kwhr\ 
xinile  / 


2.8. 7.3  Test  Procedure.  I'ests  for  determining  vehicle  range  at  steady  speed  and 
vehicle  range  over  a definite  repeated  driving  cycle  have  been  defined  in  Sections  2.8.1 
and  2.8.2,  respectively.  Both  ot  these  range  tests  are  to  be  used  to  establish  values  for 
vehicle  energy  economy. 


2. 8. 7. 3.1  Vehicle  manufacturer's  recommended  procedures  shall  be  used  to  charge  the 
battery  to  full  capacity  both  before  and  after  the  selected  range  tests, 

2.8. 7. 3. 2 A watt-hour  meter  shall  be  installed  across  the  AC'  energy  source  used  to 
charge  the  battery,  and  the  total  energy  consuineil  to  return  the  battery  to  full  char.ee 
shall  be  measureil  following  the  range  test. 

2. 8. 7.4  Data  Recording.  I he  range  of  the  vehicle  at  steady  speed  or  its  range  over  a 
repeateil  ilriving  cycle  is  to  be  divided  into  the  AC  energy  reiiuired  to  return  the 
battery  to  its  initial  state-of-charge  as  defined  above.  I bis  ipiotient  shall  be  reported  as 
the  energy  economy  of  the  electric  vehicle  umler  the  particular  conditions  of  the  range 
test.  Eor  the  case  of  the  continuous-speed  driving  mode  and  lor  the  case  of  the  repeal- 
able  driving  pattern,  the  results  should  be  presented  in  tabular  form  for  the  driving 
modes  tested. 


2.8.8  Braking 

This  section  is  made  up  of  excerpts  from  the  Eederal  Motor  N'ehicle  Safely  Sl.mdards 
No.  U).S-75. 


2.8.8. 1 PurjJose  of  llie  Tests.  I he  purpose  ol  these  tests  is  to  determine  the  schicic's 
braking  capability  and  performance  under  normal  and  emergency  conditions  1 Ins 
includes  stopping  distance  vxn  dry  pavement  and  also  vehicle  safely  while  br.ikmg  in 
turns  on  wet  and  dry  pavemcni. 

lt^ 


2.8.8.2  Test  Procedure.  Fach  vehicle  .'iliall  be  capable  of  meeting  all  the  reiiuireinents 
of  the  stopping  distance  when  tested  according  to  the  procedures  and  in  the  seiiuence 
set  forth  below  without  replacing  any  brake  system  part  or  making  any  adjustments  to 
the  brake  system  other  than  as  permitted  in  burnish  and  reburnish  procedures.  Auto- 
matic adjusters  may  be  locked  out,  according  to  the  manufacturer’s  recommendation, 
when  the  vehicle  is  prepared  for  testing.  If  this  option  is  selected,  adjusters  must 
remain  locked  out  tor  entire  seciuence  of  tests.  A vehicle  shall  be  deemed  to  comply 
with  the  stopping  distance  requirements  if  at  least  one  of  the  stops  at  each  speed  and 
load  specified  is  made  within  a stopping  distance  that  does  not  e.xceed  the  correspond- 
ing distance  specified  in  the  table  shown  in  Section  2. 8. 8. 4. 

2.8.8.3  Road  Test  Procedure 

2. 8.8. 3. 1 Pretest  Instrumentation  Check.  Conduct  a general  check  of  instrumentation 
by  making  not  more  than  10  stops  from  a speed  of  not  more  than  30  mph  or  10  snubs 
from  a speed  of  not  more  than  40  to  10  mph  at  a deceleration  of  not  more  than  10 
fpsps.  If  instrument  repair,  replacement,  or  adjustment  is  necessary,  make  not  more 
than  10  additional  stops  or  snubs  after  such  repair,  replacement,  or  adjustment. 

2.8.8.3.2  Service  Brake  Systems  Test.  1 his  is  a preburnish  brake  effectiveness  test. 
It  is  intended  that  this  test  be  conducted  after  the  required  *'B,"  “C.”  and/or  ”1)” 
cycle  tests.  Also,  it  is  intended  that  these  tests  be  conducted  after  a number  of  snubs 
equivalent  to  Section  2.8.8.3.I.  The  tests  are:  Make  six  stops  from  30  mph,  then 
make  six  stops  from  the  manufacturer’s  recommended  maximum  speed  but  no  greater 
than  60  mph. 

2.8.8. 3. 3 Braking  in  a Turn  Test 

2.8.8.3.3.I  Braking  in  a Turn  on  Dry  Pavement.  Drive  the  vehicle  in  a circle  that  will 
produce  a lateral  acceleration  (2. 8. 8. 3. 6)  of  .3g  using  the  top  speed  as  detennined  in 

2. 8. 1.2. 2 but  no  greater  than  oO  mph.  Apply  maximum  braking  but  make  sure  that 
lockup  does  not  occur  on  more  than  one  wheel  per  axle.  Under  these  conditions,  the 
vehicle  should  continue  to  negotiate  the  same  circular  path  and  be  controllable  within 
a 12-toot-wide  lane.  I his  test  is  to  be  repeated  three  times  for  right  turning  and  left 
turning. 

2. 8.8.3. 3. 2 Braking  in  a Turn  on  Wet  Pavement.  Drive  the  vehicle  in  a circle  that  will 
produce  a lateral  acceleration  t2.8.8.3.6>  of  .2g  using  the  top  speed  as  determined  in 

2.8. 1.2.2  but  no  greater  than  60  mph.  Apply  maximum  braking  but  make  sure  that 
lockup  does  not  occur  on  more  than  one  wheel  per  axle.  Under  these  conditions,  the 
vehicle  should  continue  to  negotiate  the  same  circular  path  and  be  controllable  within 
a 12-toot-wide  lane.  This  test  is  to  be  repeated  three  times  for  right  turning  and  left 
turning. 
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2.S.8.3.4  Service  Bruke  Water  Recovery  Test.  I'lio  service  brakes  sliall  be  capable  ol 
stoppiiii!  each  veliicle  in  a water  recovery  test  as  speeifieil  below.  Preceding  brake 
water  recovery  lest,  tliree  ba.seline  check  slops  shall  be  inaile  from  .K)  inph  at  10  fpsps. 
Ihe  speed,  stopping  distance,  and  control  force  shall  be  documented.  I'he  control 
force  used  for  the  ba.seline  check  stops  shall  be  not  less  than  10  pounds  nor  more  than 
bO  pounds,  except  that  the  control  force  for  a vehicle  with  a (!VW  of  10,000  pounds 
or  more  may  be  between  10  and  ^>0  pounds. 

After  being  driven  for  2 minutes  at  a speed  of  5 mph  in  any  combination  of  for- 
ward and  reverse  directions  through  a trough  having  a water  depth  of  0 inches,  each 
vehicle  with  a GVW  of  10,000  pounds  or  less  shall  be  capable  of  making  five  recovery 
stops  from  30  mph  at  10  fpsps  for  each  stop  with  a control  force  application  that  falls 
within  the  following  ma.ximum  and  minimum  limits: 

(1)  A maximum  for  the  first  four  recovery  stops  of  I.SO  pounds,  and  for  the 
fifth  stop,  of  4.x  pounds  more  than  the  average  control  force  for  Ihe  baseline  check 
(but  in  no  case  more  than  00  pounds)  except  that  the  maximum  control  force  for  Ihe 
fifth  stop  in  the  case  of  a vehicle  manufactured  before  September  1,  1 07b  shall  be  not 
more  than  plus  bO  pounds  of  the  average  control  force  for  the  baseline  check  (but  in 
no  case  more  than  1 1 0 pounds). 

(2)  A minimum  of  the  average  control  force  for  the  baseline  check  minus  10 
pounds  or  the  average  control  force  for  the  baseline  check  times  O.bO  whichever  is 
lower  (but  in  no  case  lower  than  5 pounds). 

2.8.8.3.. 5  Parking  Brake  Test.  I'he  parking  brake  tests  for  any  vehicle  on  different 
grades,  in  different  directions,  aiul  for  different  loads  may  be  conducted  in  any  order. 
The  force  reiiuired  for  actuation  of  a hand-operated  brake  system  shall  be  measured  at 
the  center  of  the  hand-grip  area  or  at  a distance  of  I'j  inches  from  the  end  of  the 
actuation  lever. 

2.8.8.3.. ‘5.1  Test  procedure  for  reiiuiremenls  in  2. 8. 8.3. .S, 3. 

2.8.8.3.5. 1 . 1 Condition  the  parking  brake  friction  elements  so  that  the  temperature 
at  the  beginning  of  the  test  is  at  any  level  not  more  than  I.'i0°l  (when  the  tempera- 
ture of  components  on  both  ends  of  an  axle  is  averaged). 

2. 8. 8. 3. 5. 1 .2  Drive  the  vehicle,  loaded  to  (IVW.  onto  a 30  percent  grade  (2. 8. 8. 3. 5. 3) 
with  the  longitudinal  axis  of  the  vehicle  in  the  direction  of  the  slope  of  the  grade, 
stop  the  vehicle,  hold  it  stationary  by  application  of  the  service  brake  control,  anil 
place  the  transmission  in  neutral. 
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2.8.8. 3. 5. 1.3  With  the  vehicle  held  stationary  hy  means  of  the  service  brake  control, 
apply  the  parking  brake  by  a single  application  of  the  force  specified  in  (a)  or  (b), 
e.vcept  that  a series  ot  applications  to  achieve  the  speeified  force  may  be  made  in  the 
case  ol  a parking  brake  system  design  that  does  not  allow  the  application  of  the  speci- 
fied force  in  a single  application: 

(a)  In  the  case  ol  a passenger  car.  not  more  than  1 2.*'  pounds  for  a foot-operated 
system  and  not  more  than  pounds  for  a hand-operated  system. 

(b)  In  the  case  ol  a school  bus,  not  more  than  I, SO  pounds  for  a foot-operated 
system  and  not  more  than  1 2.S  pounds  for  a hand-operated  system. 

bollowing  the  application  of  the  parking  brake,  release  all  force  on  the  service  brake 
control  and  commence  the  measurement  ol  time  it  the  vehiele  remains  stationary.  If 
the  vehicle  does  not  remain  stationary,  reapplication  of  the  service  brake  to  hold  the 
vehicle  stationary  with  reapplication  of  a force  to  the  parking  brake  control  at  the  level 
specified  in  (a)  or  (b)  as  appropriate  for  the  vehicle  being  tested  (without  release  of  the 
ratcheting  or  other  holding  mechanism  of  the  parking  brake)  may  be  used  twice  to 
attain  a stationary  position. 

2. 8. 8. 3. 5. 1.4  Following  observation  of  the  vehicle  in  a stationary  condition  for  the 
specified  time  in  one  direction,  repeat  the  same  test  procedure  with  the  vehicle  orienta- 
tion in  the  opposite  direction  on  the  specified  30  percent  grade. 

2.8.8.3.5.2  Alternate  test  procedure  for  requirements  of  2. 8. 8. 3. 5. 3. 

(a)  C heck  that  the  transmission  must  be  placed  in  park  position  to  release  key. 

(b)  lest  as  in  2. 8. 8. 3. 5. 1 except  in  addition  place  the  transmission  control  to 
engage  the  parking  mechanism. 

(c)  lest  as  in  2. 8. 8. 3..''. I except  on  a 20-percent  grade  with  the  parking 
mechanism  not  engaged. 

2.8. 8.3. 5.3  Parking  Brake  System  Requirements.  I aeh  vehiele  shall  be  manufaclured 
with  a parking  brake  system  ol  a Irietion  type  with  a solely  mechanical  means  to  retain 
engagement  when  tested  according  to  the  procedures  specified  in  2. 8. 8. 3. 4(1)  and  (2) 
and  meet  the  requirements  specilied  below  as  appropriate  with  the  system  engaged: 

(a)  In  the  ease  of  a passenger  car.  with  a force  applied  to  the  control  nol  to 
exceed  125  pounds  lor  a toot-operated  system  and  ^0  pounds  for  a hand-operateil 
.system. 

74 


(b)  In  the  case  of  a school  bus,  with  a force  applied  to  the  control  not  to  exceed 
150  pounds  tor  a foot-operated  system  and  125  pounds  for  a hand-operated  system. 

2.8. 8.3. 5. 3. 1 Except  as  provided  in  the  parking  brake  system  on  a vehicle  with  a CIVW 
of  10,000  pounds  or  less  shall  be  capable  of  holding  the  vehicle  stationary  (to  the  limit 
of  traction  on  the  braked  wheels)  for  5 minutes  in  both  a forward  and  reverse  direc- 
tion on  a 30-perccnt  grade. 

2. 8.8. 3. 5. 3. 2 A vehicle  of  a type  described  in  previous  paragraph  at  the  option  of  the 
manufacturer  may  meet  the  requirements  below  instead  of  the  requirements  of  the 
previous  paragraph  if; 

(a)  The  vehicle  has  a transmission  or  transmission  control  which  incorporates  a 
parking  mechanism. 

(b)  The  parking  mechanism  must  be  engaged  before  the  ignition  key  can  be 
removed.  The  vehicle’s  parking  brake  and  parking  mechanism,  when  both  are  engaged, 
shall  be  capable  of  holding  the  vehicle  stationary  (to  the  limit  of  traction  of  the  braked 
wheels)  for  5 minutes  in  both  forward  and  reverse  directions  on  a 30-pcrcent  grade. 


The  vehicle’s  parking  brake,  with  the  parking  mechanism  not  engaged,  shall 
be  capable  of  holding  the  vehicle  stationary  for  5 minutes  in  both  forward  and  reverse 
directions  on  a 20-percent  grade. 

2. 8. 8.3. 5. 3. 3  The  parking  brake  system  on  a vehicle  with  a GVW  greater  than  10.000 
pounds  shall  be  capable  of  holding  the  vehicle  stationary  for  5 minutes,  in  both 
forward  and  reverse  directions,  on  a 20-percent  grade. 

2. 8. 8.3. 6 Lateral  Acceleration  (see  Table  A2). 
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Table  A2.  Lateral  (g)  Forces  as  a Function  of  Vehicle  Velocity  and  Turning  Radius 


Vehicle  Velocity 

Lateral  (g)  Acceleration 

.3 

.4 

.6 

(inph) 

ft/sec 

(ft/sec)* 

Radius  for  fuming  Vehicle 

20 

2‘).32 

860 

132 

88 

(>6 

44 

25 

36.65 

1343 

207 

138 

104 

60 

30 

43.08 

1034 

208 

100 

140 

100 

37.5 

54.07 

3022 

470 

314 

235 

157 

45 

65.07 

4352 

672 

466 

336 

233 

Manufacturer's  Maxiinuin 

V' 

V= 

V-’ 

V^ 

Reconnnended  Speed 

.2G 

.3('. 

.4(; 

.(>Ci 

55 

80.63 

6501 

1003 

(i60 

502 

334 

60 

87.06 

7737 

1 104 

706 

507 

308 

G = 32.4  ft /sec- 


2.8.8.4  Stopping  Distances  (see  Table  A3) 


Table  A3. 

Stopping  Distances 

Vehicle  l est  Speed 
(inph) 

Stopping  Distance  in  Feet  I’re-Burnish  F 1 feet iveness  Tests 
and  Spike  F fleet  iveness  l ests 

(a) 

(b) 

(c) 

30 

f57 

60 

88 

35 

74 

1 10 

132 

40 

0(> 

144 

173 

45 

121 

182 

218 

50 

150 

225 

264 

55 

181 

272 

326 

60 

216 

323 

388 

Note  (a)  I’assoiyor  oars. 

(h)  Vohiolcs  other  than  jxissengcr  cars  with  tlVW  ol  10.000  pouiuls  or  less. 
Vehicles  other  than  passenger  cars  \sith  iiVW  greater  than  10,000  pounOs. 
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APPENDIX  B 


VEHICLE  SUMMARY  DATA  SHEET 


1.  Vehicle  Manufacturer:  Name  and  Address 

Electric  Veliicle  Associates 
Valley  View,  Ohio 

2.  Vehicle  Description 

Name:  Renault  12 
Availability:  5-10  days 

3.  Vehicle  Weight 

CurbWt:  1525.44  kg 
Driver  Wt:  88.98  kg 
Gross  Wt:  1743.36  kg 

4.  Vehicle  Size 

Wheelbase:  2.44  m Length:  4.42  m Width:  1.64  m 
Headroom:  .851m  Legroom:  .66  m 

5.  Auxiliaries  & Options 

No.  Lights:  14  Type  and  Function:  N/A 

a.  Four  head  lamps,  sealed  beam 

b.  Two  stop  and  turn  signals  rear 

c.  Two  backup  lights  rear 

d.  Four  side  turn  signal  lights 

e.  Two  front  turn  signal  lights 


Model:  EVA-ELECTRIC# I 
Price:  S9500 


Passengers  Wt:  84.44  kg 
Payload  Wt:  44.49  kg 


Windshield  Wipers:  Yes 
Defroster:  Yes 
Radio:  Yes 
Ampmeter:  Yes 
Speedometer:  Yes 
No.  Mirrors:  3 
Power  Brakes.  Yes 


Windshield  Washers:  Yes 
Heater:  N’es 
Fuel  Gage:  No 
fachometer:  No 
Odometer:  Yes 
Power  Steering:  No 
Transmission  Type:  Automatic  with 
toriiue  converter 
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h.  Propulsion  Batteries 
Type;  EV  106 
No.  of  Modules:  16-6  volts 
No.  Cells:  48 
AllCapaeity:  132.5 
Battery  Wt;  472  kg 
Battery  Rate:  106  min,  75A  rate 

7.  Auxiliary  Battery 
Type;  SLl  (2) 

No.  Cells;  6 ea 
AllCapaeity;  72  ah 
Battery  Rate:  20  hr 


Manufacturer:  Exide  Corporation 
S/N:  None 
Battery  Voltage;  ^)6 
Batter>' Si/e:  .184  nr’ 

Battery  Age;  unknown 
Battery  Cycles:  unknown 


Manufacturer;  1.  unknown 

2.  J.  C.  Penney 
Battery  Voltage:  12 
Battery  Si/e;  (2)  .01 16  nr' 
Battery  Wt:  45  kg 


8.  Controller 

Type;  SCR  Manufacturer;  Cablefonn 

Voltage  Rating:  ^)6  Current  Rating:  340  Amps 

Si/e:  N/A  Weight:  11.35  kg 


Propulsion  Motor 
Type.  Series  DC 

Insulation  Class;  Field  8 ARM  8/ A 
Current  Rating:  300  Amp 
Max.  5 Min.  Rating:  N/A 
Weight;  73  kg 
Max.  Speed;  4500  rpm 


Manufacturer;  Proprietary 
Voltage  Rating:  72-‘76  V 
HP  Rating:  lOKW 
Size;  N/A 
Rated  Speed:  4500 


10.  Body 

Type:  Unibody 
No.  Doors;  4 
No.  Windows:  6 
No.  Seats:  3 
Cargo  Volume;  N/A 


Manufacturer:  Renault 
Type;  Standard 
Type;  Safety  Glass 
Type:  Standard 
Cargo  Dimensions:  None 


1 1 . Chassis 

Type  Frame: 

Type  Material;  Steel 
Type  Springs;  Coil 
Axle  Type  Front;  Dual  Beam 
Axle  Manufacturer:  Renault 
Type  Brakes  Front:  Disk 


Manufacturer; 

Modifications;  N/A 
Type  Shocks;  Tube 
Axle  Type  Rear;  Dual  Beam 
Drive  Line  Ratio;  3.65:1 
Type  Brakes  Rear:  Drum 
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Regenerative  Brakes:  No 
Manufacturer:  Michelin 
Pressure:  220  kpa 

Battery  Charger 
Type:  SS 

On  or  Off  Board:  on 

Peak  Current:  30  A 

Size:  .305  ni  X . 1 52  ni  X . \ 78  ni 

Automatic  Turn  Off:  V'es 


Tire  Type.  Radial 
Size:  155  R- 13 
Rolling  Radius:  .28  ni 


Manufacturer:  hVA 
Input  Voltage:  110/220VlPh 
Recharger  Timer:  None 
Weight:  10.55  Ks; 


APPENDIX  C 


EVA  CORPORATION*  “BATTERY  MARSHALL”  BATTERY  CHARGER 


General  Description.  The  HVA  “Battery  Marshall”  is  a solid  state  battery  charger 
that  provides  automatic  control  of  the  output  charging  current  as  well  as  automatic 
switching  of  input  line  voltages.  The  charger  is  primarily  designed  to  recharge  a 48-cell 
lead  acid  battery  pack  (Sixteen  EV-106  batteries)  from  fully  discharged  to  fully 
charged  in  eight  to  ten  hours.  The  unit  is  designed  to  provide  a high  rate  of  safe 
charging  current  to  a discharged  battery  pack,  then  automatically  switching  to  a low 
maintenance  current  as  the  battery  pack  becomes  charged.  When  adjusted  properly, 
the  charger  will  not  overcharge  the  batteries,  will  slowly  reduce  the  charge  current  to 
prevent  excessive  gassing,  and  will  terminate  the  charge  when  the  batteries  reach  2.5 
volts  per  cell.  With  total  solid  state  construction  of  the  control  components,  the 
charger  should  provide  good  reliability  and  long  service  if  adequate  preventive  main- 
tenance is  performed  periodically.  The  charger  efficiency  of  input  current  versus  out- 
put current  is  approximately  85%  on  the  115-VAC  connection  and  75%  on  the 
230-VAC  connection.  The  power  required  for  the  charger  is  approximately  one  kilo- 
watt with  0.73  power  factor  on  the  1 15-VAC  connection  and  3.6  kilowatts  with  0.46 
power  factor  on  the  230-VAC  connection. 

Electrical  Characteristics.  The  battery  charger  schematic  diagrams  are  illustrated  in 
Figures  Cl  through  C5.  The  charger  operates  directly  from  a single-phase  power  source 
with  voltages  from  1 10  to  240  VAC,  60  Hertz.  A sensing  circuit  on  the  input  deter- 
mines the  input  voltage  range  and  automatically  provides  the  switching  to  obtain  the 
proper  operating  voltage.  The  input  also  senses  the  power  ground  circuit  and  inter- 
lock features  to  disable  the  charger  should  a fault  occur. 

The  input-output  circuit  is  overcurrent  protected  by  30-ampere  circuit  breakers  with 
additional  fuse  protection  for  the  cooling  fan,  accessory  receptacle,  and  regulator 
circuits. 

The  output  of  the  charger  is  obtained  directly  from  the  input  power  line  through  relay 
contacts  to  a full-wave  bridge  rectifier  circuit  with  silicon-controlled  rectifiers  (SC  R) 
in  two  legs  of  the  bridge.  The  output  current  control  is  obtained  by  a “pulse-width 
modulation”  technique  that  controls  the  conduction  time  of  the  SC'Rs.  As  the  “on” 
time  of  the  SCRs  increases,  the  average  DC'  output  current  also  increases. 


• The  charger  evaluation,  Appciidi.x  C.  was  financed  by  the  Ilivision  of  Iranspottalion,  Office  lor  I Icciric  and 
Hybrid  Vehicle  Systems,  Hybrid  Systems  Branch. 
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Figure  Cl . Main  Input-Output  Circuit  (Components  not  on  PC  Boards). 
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rho  “on"  timo  of  the  SC'Rs  is  controlled  by  the  “nate”  pulses  that  are  proviiled  by  a 
voltage-rettulator  circuit.  The  regulator  senses  the  output  current  and  voltage  to  pro- 
vide the  proper  rate  ol  pulses  to  the  SC’R  gates.  I'he  regulator  circuits  are  error- 
detection  circuits  constructed  of  integrated  circuit  operational  amplifiers  and  other 
solid  state  components  on  two  printed  circuit  boards.  I he  regulator  circuits  incor- 
porate five  external  adjustments  that  control  the  output  parameters  of  the  charger. 
The  adjustable  parameters  are  trickle  current,  taper  point  voltage.  120-volt  maximum 
current,  240-volt  maximum  current,  and  final  point  voltage  (cutoff). 

The  output  of  the  S('R-rectifier  bridge  is  direct  coupled  from  the  input  line,  therefore, 
the  output  voltage  and  current  is  a “chopped."  pulsating  DC  because  of  the  SCR  con- 
duction. With  this  output,  there  is  no  i-solation  of  the  output  from  the  supply  line, 
fhis  creates  a grounding  problem  and  a possible  hazard  if  personnel  or  single-ended  test 
etjuipment  become  exposed  to  the  output  lines  of  the  charger.  Differential  or 
“lloating-type”  instrumentation  must  be  used  to  measure  the  parameters  at  the  output 
of  the  charger. 

Ihe  variation  ot  the  input  line  voltage  has  little  effect  on  the  output  characteristics  of 
the  charger  on  the  230/240  volt  connection  less  than  2‘;  variation.  On  the  lower 
voltage  inputs.  1 1 .S/ 1 20  volts,  the  output  current  may  vary  as  much  as  40' . with  a ten- 
volt  deviation  of  the  input  line  voltage. 

The  reverse  current  How  from  the  battery  through  the  charger,  in  case  of  power  line 
failure,  is  approximately  1..S  milliamperes  with  a battery  pack  voltage  of  10.^  volts, 
lest  indicated  a reverse  impedance  at  the  charger  output  to  be  approximately  70K 
ohms. 

I'he  only  instrumentation  on  the  charger  is  a small  0 .)()  .V  ammeter.  I'he  accuracy  of 
this  meter  varied  from  within  T'.'  at  .)  amperes  to  1 2''i'  at  2.*!  amperes.  I'he  meter  error 
was  on  the  low  side  throughout  the  meter  range.  I'his  meter  sluniKI  not  be  used  to 
adjust  the  charge  current  rates.  During  one  test,  the  240-volt  maximum  current  was 
adjusted  to  indicate  2.*^  ampea's  by  the  char.«er  meter.  Because  of  the  meter  error, 
the  charger  would  only  operate  a few  seconds  before  the  charger  would  shut  off  ot\  a 
high  current  termination. 

The  five  charger  adjustments  trickle,  taper.  120-volt  rate,  240-volt  rate,  and  final 
point  are  screwdriver  adjustments  that  are  accessible  through  grommeted  holes  in  the 
top  of  the  charger  case.  I'xternal  instrumentation  should  be  used  to  make  the  adjust- 
ments in  order  to  maintain  proper  operation  of  the  charger. 
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Slope  Characteristics.  To  determine  the  charge  characteristics  of  the  battery  charging 
system,  a battery  pack  consisting  of  sixteen  EV-106  batteries  was  used  as  a load. 
Attempts  were  made  to  obtain  the  parameters  of  the  charger  with  only  a resistive  load; 
however,  the  output  characteristics  were  too  unstable  to  obtain  meaningful  data.  The 
circuit  indicated  in  Figure  Cb  was  used  to  obtain  the  input-output  characteristics  of 
the  charger.  The  input  source  for  the  115/120  voltage  connection  was  a 30-amperc 
auto-transformer  across  a 120-VAC  line.  The  input  for  the  230-volt  connection  was 
obtained  from  a 15-kW  Engine  ('lenerator.  The  5-kW  variable  load  was  used  to  dis- 
charge the  battery  pack  from  full  charge  to  1.7  volts  per  cell  following  each  charge 
cycle.  Prior  to  the  charge  rate  tests,  the  charger  adjustments  were  made  as  follows: 

a.  Trickle  current  — 3 amperes 

b.  Taper-point  voltage  - 1 10  volts 

c.  1 20-volt  maximum  current  - 1 5 amperes 

d.  240-volt  maximum  current  - 25  amperes 

e.  Final-point  voltage  - 1 20  volts 

The  battery  pack  was  cycled  from  discharge  to  charge  several  times  at  the  different 
voltage  connections  to  obtain  the  input-output  parameters  as  a function  of  time.  The 
slope  characteristics  including  voltage  and  current  versus  time  and  voltage  versus 
current  for  the  charger  at  three  differcnt  input  voltages  arc  illustrated  in  Figures  C'7 
through  C'l  2. 

The  tests  on  the  charger  were  perfonned  only  at  ambient  temperatures  of  72-75°F  and 
85-‘)2°F.  The  output  of  the  charger  appeared  to  be  stable  and  comparable  at  these 
ranges.  Temperature  extreme  tvsts  were  not  performed. 

Environmental  Emanations.  The  Electromagnetic  Interference  (EMI)  tests  were  per- 
fonned on  the  battery  charger  utilizing  the  procedures  outlined  in  MIL-S  rD4bl  A. 
The  tests  were  conducted  with  the  charger  installed  in  an  EVA  Corporation  Electric 
Vehicle.  The  radiated  EMI  was  measured  with  the  trunk  lid  in  both  the  open  and 
closed  positions.  I'he  tests  were  performed  using  the  120-volt  connection  and  a 
charger  output  of  10  amperes.  The  tests  indicated  that  the  charger  radiates  EMI  in 
excess  of  the  limits  specified  in  MIL-STD-4blA  (Rl-02.  Figure  13)  in  the  entire  fre- 
quency range  below  8 Megahertz.  Figure  Cl 3.  shows  the  radiated  EMI  from  the 
charger  as  compared  to  the  MIL-STl)-4bl  A limits.  I'wo  additional  limits,  used  for 
engine-generators,  are  also  indicated  on  the  graph. 

The  audio  sound  levels  emanating  from  the  charger  are  relatively  low  as  indicated  on 
Figure  Cl 4.  The  tests  were  performed  in  a sound  chamber  with  the  sensing  micro- 
phone at  a distance  of  40  inches  from  the  charger  and  4 inches  above  the  charger.  Mea- 
surements were  made  on  all  four  siiles  of  the  charger  while  the  unit  was  operated  on 
the  1 20-volt  connection  with  an  output  of  10  amperes.  The  ”db  ’ values  indicated  on 
F'igure  Cl 4.  are  the  average  of  the  fou?  readings  taken  in  each  octave  band. 
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Maintenance.  Tlic  l-.VA  Corporation  Battery  Charger  shoiikl  require  very  little  inain- 
] tenance  if  afforded  the  proper  care  and  it  is  not  abused;  liowever,  tlie  unit  should  be 

subjected  to  a periodic  preventive  maintenance  inspection  to  insure  long  service.  This 
maintenance  should  include  removing  dust  and  dirt  from  all  components  including  Uie 
printed  circuit  boards,  cleaning  exposed  relay  contacts,  cleaning  and  lubricating  the 
cooling  fan,  and  readjusting  the  charge  rate  control  potentiometers.  Ihis  preventive 
maintenance  should  be  perfonned  at  six-month  intervals. 

Repair  to  the  charger  could  be  quite  difficult  and  should  be  attempted  only  by  elec- 
tronics technicians  experienced  in  voltage  regulator  and  control  circuitry  utilizing  solid 
state  components.  The  replacement  of  components  within  the  charser,  once  a problem 
has  been  isolated,  could  also  pose  a problem,  especially  on  the  printed  circuit  boards 
where  all  components  are  soldered  directly  to  the  board.  I'he  battery  charger  is  not 
easily  repaired. 

Recommendations.  It  is  recommended  that  t!ie  charger  control  adjustments  of  the 
battery  charger  be  adjusted  only  with  external  instrumentation  with  at  least  1'.' 
accuracy.  Since  the  charger  characteristics  are  governed  by  lhe.se  adjustments,  the 
single  ammeter  on  the  charger  is  inadequate  lor  this  purpose  and  should  only  be  used 
as  an  indicator  that  the  charger  is  working. 

The  Hleclromagn.'tic  Interference  radiation  from  the  charger  should  be  supj>ressed  by 
either  filtering  or  shielding.  Since  the  charger  is  designed  to  be  used  primarily  in 
residential  environments,  the  charger  would  probably  create  problems  with  radio  aiul 
television  reception.  Although  the  conducted  interference  tests  were  not  performed 
because  of  the  high  radiated  figure,  the  conducted  noise  would  most  likely  compound 
the  interference  problems. 

Because  of  the  method  of  operation  of  the  charger,  isolation  of  the  output  from  the 
input  power  line  would  require  a redesign  of  the  charger.  It  is.  therefore,  recom- 
mended that  the  output  lines  of  the  charger  be  thoroughly  insulated  and  unexposed  to 
pos-sible  contact  with  power  ground.  Also,  any  test  instrumentation  to  be  used  in  or 
around  the  charger  output  circuit  must  be  isolated  from  power  ground.  If  not.  damage 
could  result  to  the  output  of  the  charger  as  well  as  to  the  instrumentation. 

If  the  charger  is  used  on  a vehicle  or  battery  pack  that  becomes  greater  than  .‘'O'  .'- dis- 
charged on  a daily  basis,  the  high  input  voltage  range  (2.H)/240)  should  be  used.  If  the 
discharge  is  less  than  .SO'^.  the  I 14/120  range  would  be  more  efficient  and  should  be 
sufficient  to  restore  the  battery  to  full  charge  overnight. 

A preventive  maintenance  inspection  should  be  performed  on  the  charger  at  least  once 
every  six  months. 
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APPENDIX  D 


DATA  ACQUISITION  SYSTEMS 


D;H;i  ;ianiireil  Iroiu  llio  tost  vvluclo  aro  comlilional  witli  an  inNtruinoiUalion 
package  ami  rcc\>rilcil  i)n  magnetic  tape  ahoanl  tlie  veliicle.  I he  ilata  aie  then  repri>- 
ilnceii  otT-board,  ami  tlie  analog  signals  are  converteil  to  iligital  and  leconled  on  mag- 
netic tape,  litis  tape  is  then  analyzed  at  the  Ml  K.MH'OM  computer  center.  See 
l ignre  D-l  lor  a block  diagram  ol  the  system.  A description  ol  the  system  components 
lollows. 


Vehicle  In.striimeiitalion  Package.  The  tehicle  mslinmentation  package  consists  ot 
voltage  attenuators,  a current  shunt  output  voltage  amphrier,  a multiplier,  and  averag- 
ing eircuits.  24  vti|t  battery  is  used  to  power  a !>('  to  DC  converter  lor  power  to  the 
sub-components  anil  the  magnetic  t.ipe  recorder  See  I'igiire  D-2  lor  a block  diagram 
ot  the  package.  Hie  current  shunt  voltage  amphrier  is  a dilYeiential  instiunientation 
type  with  a gam  ol  IS  i>(<  and  can  be  operated  up  to  I.''  volts  above  ground.  A calibra- 
tion voltage  w as  supplied  separateiv  Tor  each  channel  belore  a test  seiiiience. 

I'iilH'  Reeorder.  Hie  t.ipe  recorder  li.is  seven  channels  operated  with  IM  signal  elec- 
tronics at  1-7,'S  iii/s  Tape  speed  accuracy  is  * 0.2' <'.  and  the  signal-to-noise  ratio  is  4ti 
db.  I'inie-base  error  and  mterchannel-tinie-displacenient  error  are  1 12  and  i2.‘'  micro- 
seconds. respectively. 

Analog  to  Digital  Convertor.  .All  seven  outputs  are  converted  to  a digital  I'ormat  with  a 
high-speed,  H'  bit  .A/D  converter.  .All  input  channels  were  sampled  at  rates  ol' about 
100  samples  per  ch.mnel  per  second  and  written  onto  magnetic  tai'e  tor  computer 
processing. 

Data  Reduction  and  Display.  Hie  digital  magnetic  tape  is  proce.ssed  on  the  CDC  i>(>tH) 
computer.  Hie  data  are  smoothed  by  averaging  sixty  points.  Hie  data  are  then  plotted 
and  printed  on  a line  printer. 

System  Accuracy.  I’able  D1  contains  the  signal  comlilioning  iiistriimeiitalion  errors. 
Hie  values  are  taken  I'roni  the  component  specifications.  The  overall  error  can  be  cal- 
culated based  on  the  component  paths  shown  in  I'igure  D2.  I'lie  fifth  wheel-tachometer 
generator  calibration  is  given  in  Table  D-l . 
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Table  L)-l.  Signal  ('onditioning  Instrumentatiun  Accuracy 


Iransduccr* 

Parameter 

Value  (‘  < ) 

Shunt 

folerance 

± 0.25 

Averager 

I olerance-True  Average  (IX') 

± 

l olerance-Typical  Max.  Signal 

10  H/.  to  I.S  kH/  (AC') 

± 1 

Multiplier 

folerance  (DC') 

± 0.25 

Tolerance-Small  Signal  Ampli- 
tude Frror  at  4 kHz  (A(') 

± 0.1 

Amplifier 

Max.  (Jain  Nonlinearity  (IX') 

± 0.01 

folerance-Small  Signal  at  C'lain 
of  100  to  25  kHz 

± 1 

Tape  Recorder 

(F.  M.  Signal  Flectronics) 

Overall  System  Nonlinearity 

± 0.3 

Fifth  Wheel-Tachometer  flenerator 

Tolerance  10  55  mph 

± 0.7 

* Refer  to  I'igure  D-i  for  Block  niaitruni. 
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APPtNDlX  t 


DESCRIPTION  OF  VEHICLE  TEST  TRACK 


I'ho  test  site  viseil  to  coiuluct  the  tests  describeil  in  this  report  is  located  at 
Aherdecn  Proving  Cirouiui,  Aberdeen,  Maryland.  The  track  is  owned  and  operated  by 
the  US  Army.  Live  test  sites  wore  used, 

1.  Fording  Basin.  I'he  l ording  Basin,  or  "Batlitub”  (l  igures  I I and  I J), 
was  designed  to  provide  still  water  at  controlled  depths  up  to  (>  feet.  Ramps  at  both 
ends  permit  gradual  immersion  it' desired.  Length  and  width  of  the  basin  are  sufficient 
for  running  preliminary  notation  tests  on  some  amphibious  vehicles.  Hie  principal 
uses  for  the  basin  are  for  determining  the  fording  characteristics  of  iionnoatmg  vehicles 
and  for  studying  the  effects  of  water  on  running-gear  components  such  as  brakes,  seals, 
and  universal  joints. 

2.  Gradeabilily  Slopes.  Gradeability  of  vehicles  is  a basic  characteristic  usually 
given  in  design  specifications  of  military  vehicles.  Vhe  Munson  gradeability  slopes 
(Figures  E3  and  E4)  cover  a range  of  5 to  bO  percent.  I'hey  are  used  to  determine 
optimum  drive  ratios  and  maximum  attainable  speeds  on  each  slope  as  well  as  brake- 
holding ability  and  adequacy  of  angles  of  approach  and  departure.  With  the  test 
vehicle  in  both  ascending  and  descending  attitudes,  functions  such  as  lubrication, 
fuel  flow,  and  carburetion  are  investigated.  The  effect  of  unbalance  on  turret 
traversing  efforts  and  functioning  of  turret  drive  systems  may  also  be  studied  on  the 
slopes.  The  .S,  11),  l.S,  and  20  percent  slopes,  approximately  14  feet  wide,  are  paved 
with  asphalt;  the  30,  40,  45,  50,  and  60  percent  slopes,  with  concrete. 

3.  Mile  Loop.  The  Mile  Loop  (E'igure  E5>  was  originally  constructed  in  U>33  as 
a level,  concrete  course  of  oval  shape  for  continuous,  high-speed  operating  tests  of 
vehicles.  Near  the  headquarters  area  of  the  post,  the  course  consists  essentially  of  two 
straight  sections,  each  onenniarter-mile  long,  joined  at  each  end  by  quarter-mile  sec- 
tions of  regular  curvature  to  fonn  an  oval  of  1 mile  total  circumference. 

The  course  has  been  modified  by  covering  and  maintaining  the  surface  with 
hot-mixed  bituminous  concrete  and  by  the  addition  of  a gravel  surface  parallel  to  and 
outside  the  oval.  Several  facilities  also  have  been  added  in  the  area:  a winch  test 
facility,  a "pothole-crosstie”  course  for  forklift  truck  testing,  and  a I -inch  bump  course 
for  mobility  testing  of  towed  vehicles. 
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BV  BLOCKING  OVtRFtOWS 


Figure  El . Half  Plan  and  Section  of  Fording  Basin, 


Figure  E2.  Tractor  in  Fording  Basin 


Ki)turr  F5.  Acriiil  \’ic«  of  Mile  I 


4.  Perryman  Fesl  Ait'a.  Ailjv'iiun.tt  Ihe  noitluvosiern  l'ounil.ir>  of  Alvivleon 
Pioxm):  flrvniiul,  the  Porrym.n\  lost  Aio.i  tl  i.curo  I o)  inoliulos  aKnit  J.fXH)  aoios 
fVi|:mall\  ilo\olovl  pnmanl>  to  farmin.u,  the  aiva  is  > niilos  from  tlio  lioaiiquartors  aiva 
of  tlio  post  I ho  latul.  ossontially  tlat.  is  used  piiiioipallx  for  oiv'ss-ooiiiitiA  tostiiiii  v'f 
roliiolos  fot  iliirabilitN  aiui  roliabilitN.  I'aoilitios  for  othor  tests  aro  iiuliiilovl  iii  tlio  area 

5.  I>y  namomeler  I'mirse.  I lio  On  naiiiouiotor  f 'oiirso  tl  igiiio  17)  is  looatovi  in 
tlio  MioIuioIsmIIo  sootion  of  tlio  pioviii.n  giviiiul.  4 iiiilos  froiii  tlio  lioailquartors  aroa 
f oiistriiotoil  of  roinloroovi  oonoroto  with  a liot-nii\i\l  bitiiiiiiiums  siirfaoo.  it  is  siiitablo 
for  tlio  oporatum  of  tho  lioa\iost  traoklay  iii.o.  \oliiolos. 

riio  ovHirso  has  a total  trraJioiit  of  loss  than  0.1  (H'rvvnt  in  its  l-iiiilo  loiiirth. 
atui  tnrnarv'inuls  aro  pro\ulo»l  at  oaoh  oiul  It  is  iisoil  U'l  oK'soK  ooiitrolloJ  on.onioornip, 
tests  siioli  as  Orawbar  pull  aiul  tiaotno  losistaiioo  nioasiironionts,  aoooloration  atuI 
brakini;  tests,  aiui  tnol  ovMisinnption  iiio.isinoiiioiits 
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Figurr  F6.  Aerit!  View  of  Pem  nuin  Test  Ate* 


APPtNDlX  F 


VFHK'LF  PRI  PARATION  AND  TFST  PRO(  FDlJRh 


Will'll  11  vi'hii'li'  was  first  ii'ci'ivoil  at  I'orl  Bclvoir,  MliRADCOM,  a mimhor  of 
I'lu'i  ks  wi'ii'  iiiaili'  to  asstiri'  that  it  was  ready  for  performanee  tests.  I'liese  elieeks  were 
recorded  on  a veliiele  preparation  check  slieet.  i'he  vehicle  was  examined  Ibr  physical 
damage  upon  arrival.  Before  the  vehicle  was  o|ierated.  a complete  visual  clieck  was 
iiiaile  of  the  entire  vehicle.  I'he  Inittery  was  chargeil,  and  specific  gravities  were  taken 
to  determine  if  the  hatteries  were  eiiuali/.ed.  If  not,  an  equali/ing  charge  was  applied 
to  the  hatteries.  I he  integrity  of  the  internal  interconnections  and  the  battery  termi- 
nals was  checked  hy  drawing  .U)0  amps  or  the  vehicle  manufacturer’s  maximum 
allowed  current  from  the  battery  for  five  minutes.  If  the  battery  terminals  or  inter- 
connections temperature  rose  more  than  ()0°('  above  ambient,  the  test  was  terminated 
and  the  terminals  were  cleaned  or  the  battery  was  replaced.  The  batteries  were 
recharged,  and  a battery-capacity  check  was  made.  I'his  test  was  made  in  accordance 
with  the  battery  manufacturer’s  recommendations.  I'o  pass  this  test,  the  capacity  had 
to  be  within  20%  of  manufacturer’s  published  capacity  at  the  published  rite. 


When  a vehicle  arrived  at  a test  site  ( APCi).  a number  of  checks  were  performed  to 
assure  that  it  was  ready  for  performance  testing.  I he  wheel  alignment  was  checked, 
compared,  and  corrected  to  the  manufacturer’s  recommended  alignment  values.  I'he 
vehicle  was  weighed  and  compared  with  the  manufacturer’s  specified  curb  weight.  The 
gross  vehicle  weight  was  determined  hy  manufacturer’s  rated  pay  load. 


ThST  PROC’EDURH 


Each  day,  before  a test,  a number  of  pre-test  checks  were  made  and  entered  on 
the  vehicle  data  sheet.  This  data  included: 

( 1 ) Average  specific  gravity  before  and  after  test 

(2)  Tire  pressures 

(3)  Fifth-wheel  tire  pressures 

(4)  Weather  information 

(5)  Battery  temperatures 

(6)  Test  start  time 

(7)  Test  termination  time 

(8)  Amp  hours  out  of  the  battery 

(9)  Fifth  wheel  distance  count 

( 1 0)  Odometer  reading  before  and  after  each  test 

(11)  AC  Kw  used  for  recharge 

( 1 2)  DC  Amp  hours  into  battery  on  recharge 

To  prepare  for  a test,  the  specific  gravities  are  first  measured  and  recorded.  The 
tire  pressures  are  measured.  The  instrumentation  is  connected,  and  power  from  the 
instrumentation  battery  is  applied.  All  instruments  are  turned  on  and  warmed  up, 
and  all  data  channels  are  calibrated.  The  vehicle  is  towed  to  the  starting  point  on  the 
track.  Weather  data  is  recorded;  odometer  reading  is  taken.  The  test  is  started  and  is 
carried  out  in  accordance  with  the  DOE  test  and  evaluation  procedure.  When  the  test 
is  terminated,  the  test  team  makes  all  the  proper  checks  and  records  all  data  on  data 
test  sheet  for  the  day’s  test.  After  all  checks  are  made,  vehicle  is  towed  back  to  the 
charge  station  and  placed  on  charge  for  next  day’s  test. 


WEATHER  DATA 

Measurements  of  wind  velocity  and  direction  and  ambient  temperatures  were 
taken  at  the  beginning  and  at  the  end  of  each  day’s  testing.  The  APG  Airport  weather 
station  was  used  for  all  weather  data. 
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